1.1 The force, F, of the wind blowing against a building is given by 
F = CppV?* A/2, where V is the wind speed, p the density of the air, 
A the cross-sectional area of the building, and Cpis a constant termed 
the drag coefficient. Determine the dimensions of the drag coefficient. 


F « CeY'A/2 
C, 22F/eV'A, where F=MLT 
E= me? 
Ve LT” 
Thus, AzL* 
Co (LT 7)/ [Qt T "f un] 2 Mp T? 


Hence, Cy is dimensionless. 


/.2 


1.2 Verify the dimensions, in both the FLT and MLT systems, 
of the following quantities which appear in Table 1.1: (a) vol- 


ume, (b) acceleration, (c) mass, (d) moment of inertia (area), 
and (e) work. 


3 
(A) Volume = i. 


(6) acceleration = Lime rade oc change TEA ye locity 
d AF 


= Le 
= ies 


(0) "mass 2 M 


or with F> MLT”? 


amassa Bin 7? 


(A) noméat of ineveia (ares) = s@cond moment of area 


L UEN) = Lt 


(e) work = ere x distance 
" £5 
or with ESMLTO 
Werk 2. M L* T 7* 





13 Determine the dimensions, in both the 
FLT system and_the MLT system, for (a) the 
product of force times acceleration, (b) the prod- 


uct of force times velocity divided by area, and 
(c) momentum divided by volume. 


(a) force x acceleration = (FE )(LT72) = FLT? 
Since F2FML T 
Force x acceleration = (miT JLT?) = MLT 
forex» velocity . (FULT) .. P" a 
(p) Ten mum OUT S ELIT 


Area 


M. 


——————— 
-—— —————— 


(MLT HLT” = MT? 
£,* 


(C) momentum 2 mass x velocity 
volume vo urne. 


a leraar a FET 
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E 


A 


1.4 Verify the dimensions. in both the FLT 
system and the MLT system. of the following 


quantities which. appear in Table 1.1: (a) fre- 
quency, (b) stress. (c) strain, (d) torque, and (e) 
work. 


Cycles . -| 
„i= um YU 


(a) Freguency s 


fore = Fo = pL 


— 


GER. £^ 





(b) stress = 





Since FEMT, La 
Ca Se 





Stress = E 
(C) & train = change in length = k = g^ fa dimensionless 
1eng7A L i 


f d) torgue — force x distance = [43 
- (MLTÀL) 2 MUT? 


(e) work = force x distance = FLÈ 
= (LT WL) = mer? 
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1.5 If u is a velocity, x a length, and t a time, 
what are the dimensions (in the MLT system) of 


(a) au/àat, (b) à^u/àxat, and (c) f (au/ar) dx? 








dis. Xm, -2 
a) we E — 
a sp > = E 











1.6 If p is a pressure, V a velocity, and p a fluid density, 
what are the dimensions (in the MLT system) of (a) p/p, (b) 
pVp, and (c) p/pV?? 


| py ST d 
«da a EE 


Ry T at 
(6) pvp> bac'r)(ir) (m )= ML T? 


Pp. peer 


cc) 1. = 
Per per" 


a! M'*T* dimensionless ) 


1.7 If V is a velocity, € a length, and v a fluid property (the kine- 
matic viscosity) having dimensions of L?T^!, which of the fol- 
lowing combinations are dimensionless: (a) Vév, (b) Vé/v, (¢) V?v, 
(d) V/£v? 


(a) Viy = (L T^t) = [Tri f Sail dimensionless) 


(b) VA 


(ca) o T 
E" L) a jor 


(i-r) — B 


( dimension less ) 


(C) y^ = (t T^) /1* r^] 4 I ad dosensinhess ) 


atts 
LV 


(LT) 
LET 


= 2 


(d) f 


, 
-——— 


(nef. dimtusenless) 


1.8 If Vis a velocity, determine the dimensions of Z, a, and G, 
which appear in the dimensionally homogeneous equation 


V=Za-1)+G 
V= 2 &-1) + G 


[ur] = [z][4-1] + [6] 


Since. each term m The €guation must have 
the same dı MENSIONS, ‘Lt follows that 


iud ME 


cL 2 —F'L?T? ( domensenless smie Combined 
with a number) 





G = LT” 
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],Q The volume rate of flow, Q, through a pipe containing a 
slowly moving liquid is given by the equation 
E aR‘ Ap 


Bue 


where R is the pipe radius, Ap the pressure drop along the pipe, 
p a fluid property called viscosity (FL~*7), and £ the length of 
pipe. What are the dimensions of the constant 77/8? Would you 
classify this equation as a general homogeneous equation? 
Explain. 


ird [ree 


par] g eT 


The Constant Tr/g |$ dimension less And 





the equation Is a General homogeneous 
CRuation That is valid in Guy Consistent 
Uuni Y System. Ves. 





[-3 


1.10 ^ According to information found in an old hydraulics 
book, the energy loss per untt weight of fluid flowing through 
a nozzle connected to a hose can be estimated by the formula 


h = (0.04 to 0.09)(D/d)*V?/2g 


where h is the energy loss per unit weight, D the hose diameter, 


d the nozzle tip diameter, V the fluid velocity in the hose, and 
g the acceleration of gravity. Do you think this equation is valid 


in any system of units? Explain. 


4 = (0.04 40 0.09) Sy 
E | 0-04 te 2.09] [ Ey (| E [£g 
[L]* Loo ^ sos] [L] 


Since each term in The eguation must have the 
Same dimensions, the constant term (2.04 350.09) must 
be dirnens/oness. Thus The Eganton Is & Jeneral 


homo geneous Ef uation That 1s Valid in ang Syste 
of ants. Yes. 


/. /! 
|. 1.11 The pressure difference, Ap, across a cosity (FL^?T), p the blood density (ML~-3), D 
` partial blockage in an artery (called a stenosis) is the artery diameter, A, the area of the unob- 
approximated by the equation structed artery, and A, the area of the stenosis. 
x uV Ag M27 Determine the dimensions of the constants K, 
Ap = K, p+ K, (4: x ] pV? and K,. Would this equation be valid in any sys- 


tem of units? 


where V is the blood velocity, 4 the blood vis- 


Ap= ky AL + e pr 


c3) [« ] EGG] e] 2] [EET ] 


ro} = [ky] [red] + [kre] 


Since each term must have the same dimensions, 

Ky and Ky are dimensionless. Thus, The equation 
[S & general homo geneous €4 ua lion That would be 
Valicl (n ang Consistent system of units. yess 


Ta 


|-10 


^ /L 


AD. 
I3. 


1.12. Assume that the speed of sound, c, in a fluid depends 
on an elastic modulus, £,, with dimensions FL~?, and the fluid 
density, p, in the forin c = (E,)*(p)’. If this is to be a dimen- 
sionally homogeneous equation, what are the values for a and 
b? Is your result consistent with the standard formula for the 
speed of sound? (See Eq. 1.19.) 


C= (E, )* (2) | 


Since = Ley e = Pr /? m a 


RI [E] [8] E 
- 


ler ^ climensionally homogene ous efuation each +erm 
/h The e¢uation Must have The same dimensions. Thus, 
the right hand side of £3. (1) must have The dimensions 
of LT". There fre, 


Az#tzE =O e eliminate F) 
2bh}=-] (to satisfy Condition on T 


Z&44b2-| Che atsty ndition on L) 
It de lian That "EE gnd 52-4 


So That M E, 


The result ls diate’ tats The standard Jbrnula hr the 
Speed ef sound. Yes. 


J- 


bk3 


1.13 A formula to estimate the volume rate 
of flow, Q, flowing over a dam of length, B, is 
given by the equation 


Q - 3.09B8H?? 


where H is the depth of the water above the top 


Q=30? BH” 
tre 


T7 


II 


(I. 


of the dam (called the head). This formula gives 


Q in ft/s when B and H are in feet. Is the con- 


stant, 3.09, dimensionless? Would this equation 
be valid if units other than feet and seconds were 
used? 


Bof] L] 
[204] [L] ^ 


Since Cach Term in The eguation must have the same 


dimensions The 


COnS tant 3.04 rust have dimensions 


í 
Of LOT and is therefore not dimensionless . No. 


Since the constant has dimensions its value will change 
with a change in units. No. 


| 1 1.15 Make use of Table 1.3 to express the 
| following quantities in SI units: (a) 10.2 in./ min, 
| (b) 4.81 slugs, (c) 3.021b, (d) 73.1 ft/s?, (e) 0.0234 
lb-s/ft?. 


I 


| | -2 
e 227 (10,2 fa: ) (2.540x10 = Lan | 


I] 


-3 ANUM 
43210 E s "482 mme 
(6) 48] slugs = (7 shgs ) (A510 ZE )- 70, 2 ka 
(t) 30a b = (3ozh ) (44e X)= 134W 


(A) 73,/ 2 = (72 & ) (3 ovre 35). 223 ^ 











s+ 
lbs [bos M. 3 
(€) 0.023% = (0. 0234 ‘2 ) (4.709010 me | 

ft> (c ft ( T 
Ae E 

= rs 

= [./2 "d. 

Ia 


1.16 Make use of Table 1.4 to express the 
following quantities in BG units: (a) 14.2 km, 
(b) 8.14 N/m', (c) 1.61 kg/m', (d) 0.0320 N-m/s, 
(e) 5.67 mm/hr. 


(a) 142 hm = (14.2 x10 Py ( 3221 £e 4.66 x Jo! fd 


4) nm B, = (8 ME v (6. 366 x10"? AR. ipe d 





ft? 
n 
-3 Sluss E 
(e) 44 48 - (464 1) (umo xn FE) 312 x107 Sluss 
ha E: i 
m > i 
Nem £+. lb 
(d) ©. 0320 = * (o. O3Z20 kk La ) (7 376 x l0 s ) 
M. 
T -s 
m SJ £ IDs 





(€) gy; T = CFTE an) ( 3.29 & ) LA 


2600 S 


ut 
= 5.147 «45 £i. 
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1.17 Express the following quantities in SI units: (a) 160 acre, 
(b) 15 gallons (U.S.), (c) 240 miles, (d) 79.1 hp, (e) 60.3 °F. 


(a) Ibo acre = (160 ne xit Te - (4. 240 x10 T 
6.47 x 105 m * 


(b) 15 Gallons = (is gallons (s e zs (i os 





: 55 3 XID pm? 


Reter 


(C) 240 mc = (240 mi) (5280 25. VELLET EP 33bx10° m 





a J y J 
A) ; T — j|z hd 
(d) 9.1 hp = (73.1 hp)(550 T Js zi) 40x00" S 
and |= |W Se "nat 
79.1 hp= 5.90 x10 W 
ce) hs , (60.36 -32) - 15.1'C 


sx CAS uu A38 4€ 
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1.18 For Table 1.3 verify the conversion re- 
lationships for: (a) area, (b) density, (c) velocity, 
and (d) specific weight. Use the basic conversion 
relationships: 1 ft = 0.3048 m; 1 lb = 4.4482 N; | 
and 1 slug = 14.594 kg. 


(a) | ft^: : (1 4d Ja sore! am z|- O. 09290 An^ 
I4 * 


Thus, multiply tt“ by 9,240 E-L to convert 


to m ~, 
(6) » Sg -(/ d 14, siy RI a 
FE i) ( A (0. 3048) 7m ? 
RG 
= S/F Cos 


Thus, multi ply slug/ tt? by £154 E+2 to convert 
to RG /m a 


ce) | fE = (/ ft \ (0.3049 2) = Q aog S 


Thus, multiply ft/s by 3.048 E-l fe convert 
to m. fS. 


l 4 Ee 
(a) | ma^ T. PA )(4 His | 3042) 5n | 


= ETO A 
Thus, multiply /L/ £1 by L51/ Et? to convert 
to N/m 3. 


Q 
Q 





A 1.19 For Table 1.4 verify the conversion re- 
lationships for: (a) acceleration, (b) density, 
(c) pressure, and (d) volume flowrate. Use the 
basic conversion relationships: 1 m = 3.2808 ft; 
1 N = 0.22481 Ib; and 1 kg = 0.068521 slug. 


fart n (1  ) (3.2809 E j 3. 281 d 


Thus, multiply m/s* by 3.281 to Convert 






fo ft/s. 
(L besa) slugs dm? ; 
J | . (1 *& mm? Y(o.c RG | z 2908) fL? 
J -3 slugs 
|. 14o x10 T 
Thus multiply Js /m? by [440 E-3 to Convert 
to slugs/ £43, 
2 
He, hae 2 }\ 
(6) | eo (lS ae E (3 ag08)* f£ 
-2 |b 
= 2.081 X10 x. 
Thus, multiply N/m? 9.089 E-L to teneri 
Lo IbL/ft*. 


(4) | ae " (| ST. 35.3) p 


Thas, multiply rm 7/s by 3.53! E+] to convert 
to ft/s. 


f= a7 
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1.20 Water flows from a large drainage pipe at a rate of 
1200 gal/min. What is this volume rate of flow in (a) m/s, (b) 


liters/min, and (c) ft!/s? 


) 


Ja! 


(a) : | 
flowrate = (120° Tel ) ( 6,301 xi ^s 
min 


mc 75 X 10 ^ am? 
5 


(b) Since | liter = 10 m3 
ens | 


tlowrate = (7.57 x/0 tm? M te liters ) 
5 ym 3 min 


E liters 
ree ee mín 








-1 t3 
(C) J- A annade = (7.57 x 10 ae" ) (3531 x10 2 
m ? 
v E 
"V LGL € 
—_—_—_ 





» a) 
| VU 2 
1.24 An important dimensionless parameter . the Froude number using SI units for V, g, and 
in certain types of fluid flow problems is the Froude l. Explain the significance of the results of these 
. number defined as V/V gC, where V is a velocity, calculations. 


g the acceleration of gravity, and La length. De- 
termine the value of the Froude number for V = 
10 ft/s, g = 32.2 ft/s’, and { = 2 ft. Recalculate 


Ln BG units , 
a ee 


ae | (32.2 & (24) : 


In SL units: 
V s (io € ) (4 3049 AM 3.05 F 


> 
AY 
UY 





- 431 3 
2 = (2 ft) (0.3048 2): O. b16 m 
Thus 
l V 3 05 Z 





e XS 


E (&umyhus 


The va lye at GL dimensionless parameter IS 


inde pendent of The unit system, 









1.23 A tank contains 500 kg of a liquid whose specific gravity is 
2. Determine the volume of the liquid in the tank. 





m=@EV - 560, V 


Thus, 
V= M/(S6 yy) = 500Ky [21990 8 ) 


0,250 m? 














4.24 


| | HO GEM 
|.2^* Clouds can weigh thousands of pounds due to their 
-+ liquid water content. Often this content is measured in grams | [i FTT] 
~~? per cubic meter (g/m?). Assume that a cumulus cloud occupies --—————— | 
|. a volume of one cubic kilometer, and its liquid water content [SET 
is 0.2 g/m’. (a) What is the volume of this cloud in cubic | 
— —--- miles? (b) How much does the water in the cloud weigh in AILLLDLLLLELLIJ 
pounds? [17] | 











+ + - " $ + — 
. I 
1 4E said | | = e ] | i i j 
I 
4 2 i $ $ > > - i i i i Rito ; i i diis m i i | 
» c b l ? | Í | 
=j — + e —— og I————M— Sr llilLccil- — —À + +—— + apn 
| ! = "m i1 iud 
i l i i i | i 4 i i $ } i à Ld | i i | $ 1 4 4 $ i | | i | | ; 
ee Lt OES) I | | | | 
t | f 4 - | 4 4 4 $ $ $ i 
LX I 1] | Ww oM gui | m | = 
i | | > — i } i i t ià M a l i l i i | 
| } | } 
+ * $ + -— -—— + * ! 4 -— - - i 
, 
| g RES TEUD oe ES eta 4. me^ 


ead, Jh) une 


| SE na Vat a: 24 Lid. Estar Ib 
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1.25 A tank of oil has a mass of 25 slugs. 


(a) Determine its weight in pounds and in new- 
tons at the earth’s surface. (b) What would be its 
7t mass (in slugs) and its weight (in pounds) if lo- 
' cated on the moon's surface where the gravita- 
tional attraction is approximately one-sixth that 
| at the earth's surface? 


Ca) weight = mass x I 


(25 s lugs ) ( 32.2 £)= 805 £ 


(25 slugs) (14.54 SE ) (7.8! 2)" 3580 V 


J 


1l 


(5) Mass = ES slugs (mass does hot depend e^ 
gravitational attraction ) 


Weight + (25 slugs ) 22,2 &) — /34 lh 
—— Lá 


| 1.26 — Acertain object weighs 300 N at the earth's surface. 


Determine the mass of the object (in kilograms) and its weight 
(in newtons) when located on a planet with an acceleration of 
gravity equal to 4.0 ft/s?. 


weight 

d 
Sc WU ux 35b ka 
Cer oe” 





mass = 


Fpp 4 UAE m. ft/s> 


(30.6 4g ) (402) (0.3048 Z ) 
323.-M 


weight 


{i 
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1.27 The density of a certain type of jet fuel 
is 775 kg/m’. Determine its specific gravity and 
specific weight. 


| ES. 
P L- 775 =, p 
420d p 
& X RN 
ya pq = (775 2) (48 ™)= 760 55 


|- 23. 
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1.28 A hydrometer is used to measure the specific gravity of liq- 
uids. (See Video V2.8.) For a certain liquid a hydrometer read- 
ing indicates a specific gravity of 1.15. What is the liquid's den- 
sity and specific weight? Express your answer in SI units. 

















LECPEELELELEGL-EE PEE EHE See es 

CRC eo aa tg mi. AN 
ieee Ceo M) Hs 
| | Hol | H4-H 


|-23 


|,ve 
249 





L2Q 3 An open, rigid-walled, cylindrical tank contains 4 ft? 
of water at 40 °F. Over a 24-hour period of time the water 
temperature varies from 40 °F to 90 °F. Make use of the data 
in Appendix B to determine how much the volume of water will 
change. For a tank diameter of 2 ft, would the corresponding 
change in water depth be very noticeable? Explain. 


mass of water = Y nf 
theve 7" bs Tne volume and / The density | Jince The 
ass must vemain Constant Qs The Lem perature e hanges 


e, Ab ^ 


B. = Slugs 
From Table A Eas k IHO Ta 
R lags 
fho e p RM E 
Therefore, hom £4. 0) sl 
44 x (4. 452 (7, 0 An) — OC ft? 


fp |$3] $25, 
Thus, The sacvease im volume 6s B 
4 pIgl — 000-7 CO 01 £6 fC 

The Change ià weer depth, AL, us hae! Fo 
Ap = 4% | oo A 4H 


area T-efg' 


This small change 17 de pm would not be very 
hoticeable. No. 


-3 
= 5.12%) Æ -= 0.0110 in 


Note ; 4 slightly d.ttevent value for AX will be obtain ea 
If speatie weight of water Is used rather Than density. 
This 153 due to The fact That there i some ancerfmhty 


in” The fourth significant Figure of These two values p «nel 
fhe solution s Sensitive to This uncertainty. 
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1.31 A mountain climber's oxygen tank contains 1 lb of oxygen 
when he begins his trip at sea level where the acceleration of grav- 
ity is 32.174 ft/s*. What is the weight of the oxygen in the tank 
when he reaches to top of Mt. Everest where the acceleration of 
pravity is 32.082 ft/s*? Assume that no oxygen has been removed 
from the tank; it will be used on the descent portion of the climb. 


W = mg 


Let ( ),, denote sea level and C )y,; denotethe top of Mt. Everest 
T hys, 


Wi = [lb - m., sı and 


Wate = "nme Ime 
However m.s Myje SO that since m 


ü 
CR 





J 
W, W, 
m = sl M 2 Ms 
or 


_ me _ 22.742 M/sà — h 
Yate W, psl — I Ib 32.174 H/s- — 0.49711 
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1.32 — The information on a can of pop indicates that the can 

. contains 355 mL. The mass of a full can of pop is 0.369 kg 
while an empty can weighs 0.153 N. Determine the specific 
weight, density, and specific gravity of the pop and compare 
your results with the corresponding values for water at 20 *C. 
Express your results in S] units. 


_— begit of T uid 2» 
gm Volume ef Fluid 


otal Wel ght ^ mas$sx 3 = (0.364 by (951% ) - G62N 
weight eof can= OJS3N : ] 
Volaqme ek Tu = (255 x Ww? L) (1077-22 m 255 X0 m^ 


Thus trom Eg.) 
42N- 2O/53M 2770 














ó 7 Sx ma j 
NV 
7770 4 3 
p= $ = rr 796 “3 - 74, 44 
"d a ooo 
4 ~ 
x. 
A5 s E = 7f. Ly = 0.996 
nooy Jm AE 


Fer Maier a 20'C (ste Table BZ m Appendix p) 
& (SS : dg . - 
P n j fe y TELS y Sa oom 
AZ Comparison of These Values br watery wilh Those 
for The pop Shows That The specitie weight, 


density, qud Pecihi gravity of The pop are all 
Slightly Jower Than The Corresponding Values for water 
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"1.32 The variation in the density of water, p, with tem- 
perature, T, in the range 20°C < T = 50°C, is given in the 
following table. 


Density (kg/m?) 997.1 | 995.7 






Temperature (°C) 50 


Use these data to determine an empirical equation of the form 
p = cı + cT + cT? which can be used to predict the density 
over the range indicated. Compare the predicted values with the 
data given. What is the density of water at 42.1 °C? 


Fit The data to a seconst order Pelynomia! 
ASIn 9 0 5 andora Curve-f, Hias POJAM Such 
Qs found in EXCEL, Thas, 


A= /26/ — €.0532 7 ~ 0.0094 7 7 (1) 


As Shown yn The table below J fg ( predic ted ) 
trom £9. 1s 1a Geod agreement with P (given). 


TE p, Kg/m^3 p, Predicted 
20 


998.2 998.3 
25 997.1 997.1 
30 995.7 995.7 
35 994.1 994.1 
40 992.2 992.3 
45 990.2 990.3 
SO 988.1 988.1 


Ai Ts *2.*C i ] 
a 7- 
Qm feet - 0.0533 (42.*c) - o.oo4t (421%) = F415 53 
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1.3% If 1 cup of cream having a density of 1005 kg/m’ is turned 
into 3 cups of whipped cream, determine the specific gravity 
and specific weight of the whipped cream. 


4 
Mass of ceam, m = (7 oor =e ) x (Vi... ) 
where Y ~ volume. 


Since OM ty 
C ream 
AM whip d he 
eua = em o (loos Th Pen 
c ream — ——— — 
+; Cups 3, Cups 
he. 
© 
a ieee . ap hd 
3 Mm? 
ao k4 
& (^ = Tuum 335 7 2 E £e 235 
i, @ tec ] 000 ro 


Shipp j xg 7 (335 28 \ fegi 2) 


eream CVEAR M 
- 3240 
(m 
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1.36 


1.36 Detennine the mass of air in a 2 m? tank if the air is at room 


temperature, 20 °C, and the absolute pressure within the tank is 
200 kPa (abs). 


m =o where V -2m and 


C= P/RT with T-20'C »(20*273)K* 243K 
and P = 200 kPą = 200x10 M, 


Thys, 
3 N 2 N-m 
@ = (200x10 7a | (2.86910 Fg hE K) | 
- 2.38 Kf 
m 
Hence, 


m zpV - 2,3845 (2m?) - 4. 76 ka 


|-2q 


1.37 Nitrogen is compressed to a density of 
4 kg/m? under an absolute pressure of 400 kPa. 
Determine the temperature in degrees Celsius. 


J WV 
P HoOOxIO Za 


PR Ra z 
(4 os AMF a) 


— 
= ——- 


ufe TaJ = S37K-273 * &&"c 


1.38 The temperature and pressure at the surface of Mars 
during a Martian spring day were determined to be —50 ?C and 
900 Pa, respectively. (a) Determine the density of the Martian 
atmosphere for these conditions if the gas constant for the 
Martian atmosphere is assumed to be equivalent to that of 
carbon dioxide. (b) Compare the answer from part (a) with the 
density of the earth's atmosphere during a spring day when the 
temperature is 18 °C and the pressure 101.6 kPa (abs). 


N 
Mars 


(m * 


3 N 
E a oe a LIE NN 
am RT fog et C lg'c +273) k| 


A kg 
Mars _ 0.0214 m3 — 4 Ons 


earth [222 £g 


m? 


Thus, 


ll 
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| 1.34 A closed tank having a volume of 2 ft? is filled with 
0.30 Ib of a gas. A pressure gage attached to the tank reads 12 
psi when the gas temperature is 80 °F. There is some question 
| as to whether the gas in the tank is oxygen or helium. Which 
do you think it is? Explain how you arrived at your answer. 


| LR , _ weight _ 2306 
Density ef Gas in tank p= 4 x volume (322% 322% )(2 fe) 


-3 
Slugs 


Since fo £z With p= (12+ 147) psi 


( atmosphenc pressure assumed to be Z Ad pra ) 
Gad win TE (PEZ Elo) R m Adas hek 


Ib 
_ (26.7 8, em) 22 sh (y 
e. (52A) & 7t? 


From Table 17 R=/ 55% x10” for oxygen 


GuUa R= [242 XD" TS =o for helium. 
Slug ' 


from Eg. (1) 1# the Gas is Oxygen 





Ø k 4S 3/443 = As PX W” slugs 
/559413 AŽ ft 3 
Gund hr Aelium -y 
FILE es - 5,73 X10 Us 
^292xID " 


A Companser of These Values bth ‘Tine ddodver dens ty 
of The G45 In The tank adkWce tes Phat Fhe 


as "ust be OF ygen. 
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1.40 A compressed air tank contains 5 kg of 
air at a temperature of 80 °C. A gage on the tank 
reads 300 kPa. Determine the volume of the tank. 


VASES 
f 3 
^ 
AP _ (Boor 101) *10 Fre 


volume = 


z 376 ka 


= —— m? 
/7 RT (å84.7 E EIS 413)k] 


5 €4 


volume = —————— 
24, Rt 
mə 


Lait m? 





Jat 


PL A rigid tank contains air at a pressure of 90 psia and 
a temperature of 60 ^F. By how much will the pressure increase 
as the temperature is increased to 110 °F? 


E 

| 

ppe 712 I 
| 


Ces. /, 8) 


Fer a rigid closed dank The alr Mass and 


Volume are Cons tant Jo Q= Constant. nus 


from £p f £ (sita 1 R constant) 


ahoak 


| 











| T" 1s n FH t1) 
LITTT Pee ee eet 

where pe | fo psia, T ] +t = 60 22 T5607 5 20 TÉ. 

and | X34 M0 *F +460 = E. From £y (1) 

H e ae ae sek 

oe TI T LLL FPR) Cerin) - 22 18.1 psia 
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1.42 The helium-filled blimp shown in Fig. P1.42 is used at var- 


ious athletic events. Deterinine the number of pounds of helium 
within it if its volume is 68,000 ft? and the temperature and pres- 
sure are 80 °F and 14.2 psia, respectively. 





W=8V where V- 66,0001 and d= 09 =(p/RT)¢ 


Thos, 

y = [rea b, (mt haa an" ES, gos na RY] (32.2 E) 
= 9,82x]0 ani ( 1Ib/ (slygft/s?*)) - 9, 82x10 ^£ 

Hence, 


W = 7.02x10° op I5 (£gocofi?) = 668 Ib 
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[1 *1.43 Develop a computer program for calculating the density 
—-— of an ideal gas when the gas pressure in pascals (abs), the tem- 
perature in degrees Celsius, and the gas constant in J/kg - K are 


specified. Plot the density of helium as a function of temperature 
H . from 0 ?C to 200 ?C and pressures of 50, 100, 150, and 200 kPa 
(abs). 


| 


| 





EH Js — absolute temperata dare . TH us, Lt Tne te m j£ Fa ture 
Tea Pe Thea t HH 
a EE dé 


here | P a absolute pressuve PEERS CONS "" qnd T 


TE A | spread A exce) pray for caleu latins A follows . 


| ! k 


ooreo ihis program calculates the density of an ideal gas | 
| when the absolute pressure in Pascals, the temperature 

| —. |in degrees C, and the gas constant in J/kg-K are specified. 

[ H | , |To use, replace current values with desired values of 

i 


temperature, pressure, and gas constant. : ——À 


m Temperature,| Gas m Density, [c DEC seen 


FEFE H feee l e o oo 
HHE poes 45] 2869123 rwo) 


=A10/((B10+273.15)*C10) 





(con't) 


The density of helivm js plotted inthe graph below. 


Density of Helium 


kg/m? 
f = 200 kPa (abs) 
= 150 
= J00 


= £0 





1.45 For flowing water, what is the magnitude of the velocity gra- 
dient needed to produce a shear stress of 1.0 N/m?? 


3s Ns 
2. 


T =e where 4 =1./2 x10 m 


l0 25 


—LI2x 1073. Ws 
m? 


= 293 = 
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1.46 Make use of the data in Appendix B to determine the 
dynamic viscosity of glycerin at 85 °F. Express your answer in 
both SI and BG units. 


= (7% ~3a)= (95°F -32) = 25.4 °C 


From Fig El in A ppendix B: 
Va EET of PEF Paley; A Ab on ( sr units ) 


A nw (o. C cem ES) (4. OFF xlo C Vasa bs (86 unit) 
grs, meet d 
EX A 


]- 36 
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1.4] One type of capillary-tube viscometer is shown in 
Video V1.5 and in Fig. P1.4] . For this device the liquid to 
be tested is drawn into the tube to a level above the top 
etched line. The time is then obtained for the liquid to drain 
to the bottom etched line. The kinematic viscosity, v, in m?/s 
is then obtained from the equation v — KR*t where K is a 
constant, R is the radius of the capillary tube in mm, and ¢ 
is the drain time in seconds. When glycerin at 20? C is used 
as a calibration fluid in a particular viscometer the drain time 
is 1,430 s. When a liquid having a density of 970 kg/m" is 
tested in the same viscometer the drain time is 900 s. What 
is the dynamic viscosity of this liquid? 


- a KRH 


Glass 
strengthening 
bridge 






Etched lines 


Capillary 
tube 


m FIGURE P1.4 


For glycerin @ 20°C V= L19410 amit, 


= HITI mth = lk 
EE 


For unKnown ligated 


I 


ei 


Ke Oy 430 5) 
X107 ! mt 


with t= 700s 


(5. 72x10 m*/52) (950 s) 


s un "a 


A 
= (170 


Since jee 


5,2277 BE - 5117 X 
m: s5 


l 


4g 3) (149 xo f 





m * 
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1.468 The viscosity of a soft drink was determined by using 
a capillary tube viscometer similar to that shown in Fig. P1.47 
and Video V1.5. For this device the kinematic viscosity, v, is 
directly proportional to the time, ¢, that it takes for a given 
amount of liquid to flow through a small capillary tube. That 
is, v — Kt. The following data were obtained from regular pop 
and diet pop. The corresponding measured specific gravities - 
are also given. Based on these data, by what percent is the 


absolute viscosity, 44 of regular pop greater than that of diet 


pop? 
Regular pop Diet pop 
I(s) 371.8 300.3 


SG 1.044 1.003 


Tum 
| 





greater = 





See v Mo an b Coa, wor 


E ellus | hat, 
:: 


—M— M MÀ tee 





- ] ri X loo 
- | | (Ex Sadit 


HE = sf omae. fk OD 
[CHE pep un 
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1.49 Determine the ratio of the dynamic vis- 
cosity of water to air at a temperature of 60 °C. 
Compare this value with the corresponding ratio 
of kinematic viscosities. Assume the air is at stan- 
dard atmospheric pressure. 


From Table B.2 in Appendix B: , 

= 2 

(for water at bo'c) E = 4465 x10 “sS ,44-74795x]o 2 
| m^ ) 


From Table 8.4 in Appendix B: : 
- - an 
(Lr ar at 60°C) = 197si KE 3 V=lsbxlo TT 


2 ) S 
Thus, 


li 





-#4 
Mmo 4-665 x10 P 43,7 
Jar LFV «107-9 


-7 
uo a 4t 745 x10 
Va, /. 46 x10 





= 255x107 
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1.50 The viscosity of a certain fluid is 5 x 
10-* poise. Determine its viscosity in both SI and 





BG units. 
T | ea. 
H- Frem Appendix Es. Ve ML s = / poise, Thus, 
E x | J = í 
ee (5 x10 "boise ). (10 Mz = aie” ws 
m 


"EPI Pese 


ana From lable L^ 











5 a 2 lbs Ibes 
P= es (5x 10°45) (2 084 xi0° E )o /04 v1 E. 
"m> | 
eer 
| iy | HH | 
| Pee | | 
1.5{ The kinematic viscosity of oxygen at 20 °C 
- and a pressure of 150 kPa (abs) is 0.104 stokes. 
Determine the dynamic viscosity of oxygen at this E 
temperature and pressure. 
A 
A - Es E /5 0X pit, by 
CLP eee eee t un qT — 
tnm = et um) 3 
om * 
V=: O.f/o4 stokes = 0./04 c 
2 Ag 4 
LE (6.704 € )(,o t (147 A) 
-5 5 NW. 
= 4.05 «/0 44 - c. 05 x0 Ms 
mms fin * 
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.^L.52 Fluids for which the shearing stress, 7, is not linearly —-————- ment 
FE related to the rate of shearing strain, ý, are designated as non- ALL 
| [7171-1 Newtonian fluids. Such fluids are commonplace and can exhibit 
| unusual behavior as shown in Video V1.6. Some experimental 
E E d data obtained for a particular non-Newtonian fluid at 80 *F are 
| shown below. 


DE r(Ib/ft?) 0 | Zul | 7.82 | 18.5 | 31.7 | 

| ye y) h 8 | 50 100 150 200 
Plot these data and fit a second-order polynomial to the data using 
_ a suitable graphing program. What is the apparent viscosity of 
|. this fluid when the rate of shearing strain is 70 s~'? Is this. 


apparent viscosity larger or smaller than that for water at the 
Same temperature? 


Rate of Shearing 


shearing stress, 
strain, 1/s {b/sq ft 


———— + b — 





0 0 
] 50 2.11 

100 7.82 $ 

150 18.5 a 

200 31.7 E 
5 4 | 
2 
5 9 50 100 150 200 250 


To 







— Rem the graph pte 0. b00 og y^ 4 0.0035 P dus 


13 the shearing 5 VESS 4B. b/s and Y ts The rate — 
| shearing 5 train | | | 


| 


2n + 0.0035 ee 


HHRHH 
Fe )ms PEN 0.0035 22 


————— — — oe - — — À. 








| 
—— | | 
Pree ere a be 
2x d, A, oet = 1.79) x0 dut, 
a ien fluid. This Vaude s 17711 
anknewn Aoh- -~Newkoniap 
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53 Water flows near a flat surface and some measure- 





















































T1] ments of the water velocity, u, parallel to the surface, at different | | 
— — — | ——- heights, y, above the surface are obtained. At the surface y = 0. HHT 


(1.5.1. After an analysis of the data, the lab technician reports that the | H 

——-----t velocity distribution in the range 0 < y < 0.1 ft is given by ^ | | | |. m me 
Li | | H the equation a | -FH | 

MÀ u = 0.81 + 9.2y € 4.1 x 105 Erer ESET 


FILI | with u in ft/s when y is in ft. (a) Do you think that this equation 

|... would be valid in any system of units? Explain. (D) Do yu | . | | 

— |. think this equation is correct? Explain, You may want to look — | — | RUE 
+++} at Video 14 to to help you arrive at yonr answer. P 3 | | 


Lg Ege E Eel 













m 
Ta ge th mpi m 


ee “since at are 
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1.5 Calculate the Reynolds numbers for the flow of water 
and for air through a 4-mm-diameter tube, if the mean velocity 
.. 153 m/s and the temperature is 30 °C in both cases (see Example 
1.4). Assume the air is at standard atmospheric pressure. 


For water at SATE (trom lable 8,2 sa Appendix B): 











| * a = -4 N.S 
EEE f= 795.7 A 7 T4179 x4 — 
|» Kec pvb.í(fes! ££) (3 2) (2.004 mm) = 
/ 79275 «10 * INS —— 
L øm > 
Fer atr at jo'c ( trom Table B. in Appendix B): 
= Ag s —-5 Als 
E: f EIGE. s fi zx 4L x0 eX 
fe = PVD LL (LS TA)(3 T) Coto) 
e Gb «io? Ms 
Mm * 
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1.55  Forairat standard atmospheric pressure 
the values of the constants that appear in the 
Sutherland equation (Eq. 1.10) are C = 1.458 x 
10-* kg/(m-s:K'*) and S = 110.4 K. Use these: 
values to predict the viscosity of air at 10 °C and 
. 90 *C and compare with values given in Table B.4 


in Appendix B. 
3 : 3 
= C 4 (1,459 x10 nu. PT 
/ Faia aa adada aba m. S Kk 
| T9 — 
T+/io4 K 


For T= /0°C = lo'Ctauvsig * 28315 Kk, 


Jé 3/, 
[lusg xio J(283, 15K p 
A7 E 765 x Jo” Nes 
Atse k + [10.4 eee te 





From Table ET, At [Tb nig” Wes 


For T= TO'C 9 ToC C A79 9 368. I& K 





r W, 
(4.459 x10  )( 343 16) "^ m 
j" = = 2,/3x/0 Ms 
563.45 K + 110.4 m > 


From Table B. S P -2xJpD? vs 


fm > 


5s 


1.56* Use the values of viscosity of air given 
in Table B.4 at temperatures of 0, 20, 40, 60, 80, 
and 100 °C to determine the constants C and S 
which appear in the Sutherland equation (Eq. 
1.10). Compare your results with the values given 
in Problem 1.55, ( Hint: Rewrite the equation in 


the form 
que 1 S 
—-=(=)T+= 
H (2) C 


and plot 7??/j, versus T. From the slope and in- 
tercept of this curve C and S can be obtained.) 


Equation /. lo re be written in The form 


p )T* 

C / 
| F C (/) 
qnd tsı Th The data trom lable BY: 


Tlx) T) plste) THa [Vgm] 


O A73. 15 L1/ x 17? 2.640 x (0! 
cio A43. 15 A82 ga? 2.258 x (p? 
-5 ? 
Yo 313.15 87X10 E 
60 333.5 L97 XD 3.087 x 10 I 
&O 353.15 3.07 X /07.- 3. 2064/10 s 
/00 273.9 2.24107 3. 322 X 10 
^r plok of i Ye vs. T s shown below: 
25x10" 











A tt -HrH HTHEHTE HH) E "bte y i 
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3.0 X jo" Cee ee Herre eee Eee eee UE 
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pu ui o E 
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Hugo up uu QE ing 
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(cont). 
J- 45 


(Con't) 


Swed The data plot GS qn approximate straight line, 


Eg. (l) Q^ be re presen ted by Qu e guatron of The 
form 


Y= bx +e 
3 
where Yu Tn XT, b~ Ifc, and an S/C 


Ft the data To a. hin ear e uation USING a. 


Standard | Guvve - duthing program Such as found 
In EXCEL. Thus, 


g= b.?b9x 10x & uu] x 1b. 


and 

cbe 6.469 x o5 

ds 4 

So That C s L¥3 x10 ks [ms i^ 
and * 7 ees 

S am = 7 «y X 10 

C 
and Therefore 


SS 707 K 





These values hor C And 5 are In good agreement 
w/7A values given in Problem 1,55 | 
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COLLECTE 457 The dicos ofaf lid ass a very iaia pre in 
H determining how a fluid flows. (See Vidco V1.3) The value of 
the viscosity depends not only on the specific fluid but also on 
~ the fluid temperature. Some experiments show that when a 
liquid, under the action of a constant driving pressure, is forced 
| with a low velocity, V, through a small horizontal tube, the 
m velocity is given by the equation V = K/,t. In this equation K 
is a constant for a given tube and pressure, and yp is the dynamic 

— viscosity. For a particular liquid of interest, the viscosity is given 
Sens by Andrade’s equation (Eq. 1.11) withD = 5 x 1077 lb: s/ft’ 
| | andB = 4000 °R. By what percentage will the velocity increase 
| | as the liquid temperature is increased from 40 °F to 100 °F? 
AT Assume all other factors remain constant. 
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Use the value of the viscosity of water 


given in Table B.2 at temperatures of 0, 20, 40, 
60, 80, and 100 °C to determine the constants D 
and B which appear in Andrade's equation (Eq. 
1.11). Calculate the value of the viscosity at 50 °C 
and compare with the value given in Table B.2. 


(Hint: Rewrite the equation in 


the form 


l 
In y = (B) 7. * in D 


and plot in 4 versus 1/T. From the slope and 
intercept of this curve B and D can be obtained. 
If a nonlinear curve fitting program is available 
the constants can be obtained directly from Eq. 
1.11 without rewriting the equation.) 


T don Lll Gan Se written ın The fore 


- (3) T 7 /n D 
ond with The deta trem Table B2 ` 





T) TK) IT) phs) hy 
o 473 18 2. L6/ X10 |. 787 xi 2 call 827 
LO 293 n 3 4 107 /.002K10 —£.906 
4o 313,/5 3.193 x10” 6.529 Xf — 7.334 
bo 3 33/5 3Sasz.W" Abao =T. tlo 
o 853.15 2.032 4107 ISAT" -7.144 
{00 373,15 a. 686 P7 Bd 4.818 «10. - 174 


A- plot of Ly Vs. 
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(Cen't ) 


Since The deta plot ds dan approxim ate ST rai) d 
line | Eg. (1) Can be used to represent These outa. 
Jo obtuin B ana D, L+ fhe data to an 
exponen tia / dy setis of the form q= A e 
Such as fund Iñ EXCEL. 


bx 


Thus, : 
Daa a 4767x)/0 Wal 
and 3 
SO Phat /8 70 
7 


7 
ps L767 Xl e 

At 50°C (323./5), 
Jo UNT xj ^ e 93795 2 536x)/5  ws/pt 


From Table 8.2 | M~ E HEX W W. Sfm 


1.59 Fora parallel plate arrangement of the 
type shown in Fig. 1.5it is found that when the 
distance between plates is 2 mm, a shearing stress 
of 150 Pa develops at the upper plate when it is 
pulled at a velocity of 1 m/s. Determine the vis- 
cosity of the fluid between the plates. Express 
your answer in SI units. 





dy b 
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1.60 Two flat plates are oriented parallel above a fixed lower plate ———— 
as shown in Fig. P1.60. The top plate, located a distance b above 
the fixed plate, is pulled along with speed V. The other thin plate 
is located a distance cb, where O < c « 1, above the fixed plate. 


[x ie eo) FSS HC — mAn V 
b 

This plate moves with speed V,, which is determined by the vis- E 
i 


2p 


cous shear forces imposed on it by the fluids on its top and bot- 
tom. The fluid on the top is twice as viscous as that on the bot- 
tom. Plot the ratio V,/V as a function of c for 0 € c « I. 


"r^ 
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FIGURE P1.60 


For constant speed, V,, of the middle plate, the net force 
on the plate is 0. Hence, Fog * Epsilon , where F= TA, 


Thus, the shear stress on the top and bottom of the plale 
must be equal. 


au 
Cap ^ Coon Where TM dy k 


For the bottom flvid Sh = A while for the top fhoid dt , 04 
Hence, from Eqn. " 

















(244) w E mE Which can be written as: 
2cV - 2cV * V - cM m E 
or | 
JL no Eis b usd. EF N e» 
V ctl U = 
Note: If C= Y <0 0.6 - + isl 
z v 2 
ui ; s 0.4 - PEN » 
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1.61 There are many fluids that exhibit non-Newtonian behavior 
(see, for example, Video V1.6). For a given fluid the distinction 
between Newtonian and non-Newtonian behavior is usually based 
On measurements of shear stress and rate of shearing Strain. As- 
sume that the viscosity of blood is to be determined by measure- 
ments of shear stress, 7, and rate of shearing strain, du/dy, ob- 
tained from a small blood sample tested in a suitable viscometer. 
Based on the data given below determine if the blood is a New- 
tonian or non-Newtonian fluid. Explain how you arrived at your 
answer. 


(N/m?) | 0.04 : 0.06 0.12 — | 0.30 0.52 1.12 | 2.40 
du/dy (s!) 1 22514.501 11.25122.51 450 1 90.0 1 225 | 450 


For a WNewtoman Fluid the ratio of Tt b duf dy $s A 
Constant. For The data græn ` 


"^ 
( W^ s/mz) 0. 173 | 0.0133 |0. 0107 | 0.0080 | 0.0067 | 0.0058 |2. 050 0.00¢7 
du fds | | | 





The ratio 4s not a Constant but decreases as the rate of shearing 


Strain smcreeses. Thus This Fluid Lblood) 1s & pon-Wedtomen Y uid. 
A plot ot the data £4 Shown below. For a Newtonian Fluid The 


Curve would be a straight line with a slope of I to f. 
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du 
Ss 


- du ; s M ] i 
Note: Y “a Sy) , Where a=! for a Newtonian fluid. 
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1.62 The sled shown in Fig. Pl,62 slides along on a thin 
horizontal layer of water between the ice and the runners. The 
horizontal force that the water puts on the runners is equal to 
1.2 lb when the sled's speed is 50 ft/s. The total area of both 
runners in contact with the water is 0.08 ft^, and the viscosity 
of the water is 3.5 x 10 5 Ib s/ft?. Determine the thickness of 
the water layer under the runners. Assume a linear velocity 
distribution in the water layer. 





BFIGURE P11.62 


F 
= Av V where oe = thideness of Water layty 
Ts P dy d E 





F m^ 
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1.63  A25-mm-diameter shaft is pulled througb 
a cylindrical bearing as shown in Fig. P1.63 The 
lubricant that fills the 0.3-mm gap between the ——————— SS 

shaft and bearing is an oil having a kinematic ok M shaft LÁ 
viscosity of 8.0 x 10^! m?/s and a specific gravity 

of 0.91. Determine the force P required to pull BOTT 7 

the shaft at a velocity of 3 m/s. Assume the ve- E E 


locity distribution in the gap is linear. r 
[— — — 0.5 m————4 
FIGURE P1.53 


Bearing Lubricant 
ZA x 


~ 


P= TA 
where A = mO X [shaft length in bearing ) zi 7 D8 
and (velocity of shaft) V 

zs ( Jap widm) ? b 
5o That 


p= (- £)(rox) 
Since VP =v (36NP, , 6 yer }, 


P aoan" Moa r10 A MS) taie ose) 


( O. 000 37m ) 


= asl Nn 
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1.64 A 10-kg block slides down a smooth in- 
clined surface as shown in Fig. P1.6'. Deterinine 
the terminal velocity of the block if the 0.1-mm 
gap between the block and the surface contains 
SAE 30 oi! at 60 °F. Assume the velocity distri- 
bution in the gap ts linear, and the area of the 
block in contact with the oil is 0.1 m?. 





FIGURE P1.64 


Y y 
Z Fy, F O e we 
Thus, L € 
W «n 20^ * TA a i 


Since 


T= / Y ,where b is film thickness, 


W sin loo = 4 A 


Thus, (wh wW=mg) 


Lb Wf sin 20° _ (0.0001 lio ha lial m 10°) 


V = 
yn (0.38 %5 V6.1 om?) 
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1.65 A layer of water flows down an inclined 
fixed surface with the velocity profile shown in 
Fig. P1,65.Deterinine the magnitude and direc- 
tion of the shearing stress that the water exerts 
on the fixed surface for U — 2 m/s and k = 
0.1 m. 





Cth z FIGURE P1.65 


du - 2 2) 
27 : ul = Ta 
Thus, at the tixed surface (y=0) 


dA.) . xU 
du 9-0 h 


jo Tha £ 
T 





A(&E ) e Lin Bs Ya) ES 


4. 49 x y * — acting in direction of Flow 
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1.66 Standard air flows past a flat surface and (a) Assume the velocity distribution is of the form 
velocity measurements near the surface indicate y= Crt Cw 


the following distribution: 

y (f) | 0.005 | 0.01 | 0.02 | 0.04} 0.06| 0.08 and use a standard curve-fitting technique to de- 
termine the constants C, and C;. (b) Make use 

u (fus) 10.74. 11.511 3.03 16.37 1 10.211 14.43 of the results of part (a) to determine the mag- 

The coordinate y is measured normal to the sur- nitude of the shearing stress at the wall (y — 0) 

face and u is the velocity parallel to the surface. and at y = 0.05 ft. 









(a) Use nonlinear regression Program 
fo obtain Coefficients C, ane Ca. The program produces 
least squares estimates of The parameters of a nenhneer 
Model. For the data Given, 


= -2 — 
CQ /53 S ma G+ $350 ft s 


/ 








(4) Since, V 


Tk ay 
i$ delbws That 
[u^ (CG t 56 y>) 


Thys, at The wall [y=0) 


Las C, = (ateri Z )(/ss3) * $24? 2 





At Y= 0.05 tt i 
«(80 ai t) dn 3 neo i eoe) | 


-& jb 
so 4.9 x) — FA 


Log? 
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1.67 A new computer drive is proposed to have a disc, as shown 
in Fig. P1.67. The disc is to rotate at 10,000 rpm, and the reader 
head is to be positioned 0.0005 in. above the surface of the disc. 
Estimate the shearing force on the reader head as result of the air 
between the disc and the head. 





Stationary reader head 0.2-in.dia. 
— fe 









10,000 rpm 


+ 0.0005 in. 
HÉ—— 2 in. ——* 


Rotating disc 


m FIGURE P157 


= shear force on head =A, where if the velocity protile 
in m gap between the disc and T 1s linear and Unit orm 
across the head, then 


du U 
[54 3y 77 , where 
P rev min) / 27 rad 
V= R= uoo Toal Tae) (EH) <175 2 


min 
Th vs, E 
Ib 


-7 lbs\ 175 =z 
T -(274x16 F) Tas py = /.S7 F 
so that 


Ba TH aU ou m Z(9tn) - 3.43%10 lb 
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1.63 | 


Fixed 
outer 
cylinder 







Liquid 

1.68 The space between two 6-in.-long concentric cylinders is ” 
filled with glycerin (viscosity = 8.5 x 107? Ib  s/f?). The inner 
cylinder has a radius of 3 in. and the gap width between cylinders 
is 0.1 in. Determine the torque and the power required to rotate 
the inner cylinder at 180 rev/min. The outer cylinder is fixed. As- Soe 
sume the velocity distribution in the gap to be linear. R statin 
inner 
cylinder 


~ 


Torque, dT, due to shearing stress 
on Inner cylinder X eg ual f 


d T= R; TAA 
where dA =(R. do). Thus, 


dT: E £t de 
ahd torgue reguired to rotate 


inner cylinder IS 


Te rèa rf ez arr LT cop VIEU 
(A~ Cylinder length ) 


For a linear velocity distribution in the gap 


ke ao 





T = - Jo that 
I ER. 
7r. ar R Apo 
a IE e R; 
/ thie) _ rad 
and wits a (180 2% or rad )/ Fat )= er t 
Then 3 Bb bus f vad ) 
3 6 sxJo 22 (br F 
y, ar (R(t lasa? Bi Nor #) nsn 





g - f£) 


Since Power = Tx ct Lellows That 


power = (0.944 fil) (67 rad) = /78 "s 
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| 
cp 5,000 rpm 
1.69 A pivot bearing used on the shaft of an electrical instrument Roe | "um 
is shown in Fig. P1.69. An oil with a viscosity of u = 0.010 1b- s/ft? BR ee 0.2 in, 
fills the 0.001-in. gap between the rotating shaft and the station- Eum VAN 
ary base. Determine the frictional torque on the shaft when it ro- 
tates at 5,000 rpm. 





0.001 in, p= 0.010 Ib - s/ft? 





Lel d? - torgue on area element dh, 
where df = 27r dl = 27r aa 
Thus, T 
df rdF- r'C dA where Tuy y Ju 
so that 

dT = r (nee —) (20rdr /sin 8) 


r 





2 2T 
roa 7 “dr 
Hence, rzR 
a. aTe 3),  TAw p" 
g^» [a£ = sing fr dr iat (1) 


Now, 

R - Q.] in. j b - 0.001 in. , 0,010 —— 
rev $ d) ] : 

wW = 5,000 22% (2^) )(2m 24) due 

Thus, from £ TA (n), 


~ 76010 53) (524 nag) ada. “tt py 
d * H) 2 253xI9 ft-lb 
nan NEE 


es = @=30de9 and 
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1.70 The viscosity of liquids can be measured through the use of a Fixed 

rotating cylinder viscometer of the type illustrated in Fig. P1.70. In outer 

this device the outer cylinder is fixed and the inner cylinder is rotated Liquid cylinder 
with an angular velocity, w. The torque J required to develop w is 
measured and the viscosity is calculated from these two measurements. 
(a) Develop an equation relating u, w, T, £, Rp, and R; Neglect 
end effects and assume the velocity distribution in the gap is lin- 
ear. (b) The following torque-angular velocity data were obtained 
with a rotating cylinder viscometer of the type discussed in part (a). 







do] 







Torque (ft - Ib) | le an: es D B : € 
Angular B ud Sc M 
velocity (rad/s) | 1.0 2.0 3.0 4.0 5.0 6.0 : 
e| —t 


For this viscometer R, — 2.50in., R; ^ 2.451n., and € — 5.00 in. 
Make use of these data and a standard curve-fitting program to de- 
termine the viscosity of the liquid contained in the viscometer. 


) Torque, d y due to shearing stess 
on /"^ner cylinder 13 egual fo 


d J ae IAA 
where JA =(k- dO) 4, Thus, 

d7T= RL T de 
and forque veguired to rotate 


inner cylinder 1$ Jm 
2 2 
yu f f r f #6 = 3m e. y "T 


For a linear velocity distribution in the gap 
T =p u | Jo that 





( £ ^ cylinder leng th ) 





Ko -F A 
zr E ot it K: a a) (1) 
R,- fe 
[b) Th “5, Joy a tired geometry 


and a given Viscosity , E.l) is of The form 
y=bx ( 927 and X ^ ) 


Where b Iis a constant Lgual to 


(con't) 
I~ 6 | 


1,70 


(cond) 


J 
bs SZ. £ ( 2) 


AA Eas E 


To obtain b Jed the date tp A linear £4.94 2p 
of the form b=bx using & standard curve-f,Hin's 


Program Such 45 Sound (n EXCEL. 


Th us From £4 sey 


PF (b) ( Ro 2s P: ) 

2m ROX 
ana with The data gwen, b = 13.08 FE-Ibs , Se That 
(1308 -ws )(2-50— 245 | 


stir (24S. $4)” (222 #2) 


3.45 lbs 
JL 


]- 62. 
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1.71 A I2-in.-diameter circular plate is placed over a fixed 
bottom plate with a O.l-in. gap between the two plates filled 
with glycerin as shown in Fig. P!.7/. Determine the torque jf M ps 
required to rotate the circular plate slowly at 2 rpm. Assume — 31. 1 2 n 
that the velocity distribution in the gap is linear and that the IRn Puras Y i 
shear stress on the edge of the rotating plate is negligible. 


Rotating plate 





0.ì in. gap 





T ADAE Ea E RAA, disais 
j — i i i ORL i Tet E i 
OMe TP ease RU bate 


SEES NM 
deat : 


E s FIGURE P1 74 


Torgue,dT due to shearing stresses 
on plate 1s e gual fo t 


BTE OR EA 
where J4- 2rr dr, Thus, 


dv 


R 
IT- + T 2rrdr 


R 
qna 2. nl r^ d Stresses acting on bottom of plate 


O 


i du —» V3 62 
Since Ts & ay J and yor a 7c 4 7 
linear Velocity distri b ution Csee fisuve) x- 7 


T= Vu du. = V a v to 
Ta dy 573 
Thus, R Ve locity distribution 


ETAD | pje a FAM £j 
pa (t/ 
hd with The dete given | i ; 
Js DE E ker fen 8) Lon Se 4j 
(2 Ot ft) #) 
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1.73 Some measurements on a blood sample at 37 °C (98.6 °F) 
indicate a shearing stress of 0.52 N/m? for a corresponding rate 
of shearing strain of 200s~'. Determine the apparent viscosity 
of the blood and compare it with the viscosity of water at the 
same temperature. 





. ft | ows2M. s 
JU ulssg ` y ~ = = 2650 X10 Es 
Zoo -~ m * 








From Table B.2 in Apoend'y B: 
o E -4 N. 
@ 30°C Aun, 7,415 xib — 


6 —- 
@ Hoc Mino? 6524 xip N:s 


(Y^ à 
Thus with lines Interpolation j fa (31*c ) = 6.96 X10 M3 
20 » 








Qn d. by T 
me .S 
~Ns O = 
F mo b. 3l XID N:S 
m* 
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1.75 A sound wave is observed to travel through a liquid with a 
speed of 1500 m/s. The specific gravity of the liquid is 1.5. De- 
termine the bulk modulus for this fluid. 


JE 
c= , where 0 -S6Q,, and 56715 
T hus, 
2 2 
E, =C p = C 56,0 
2 
= (1500S) (1.5) (999 a) 
J ? kgm 
= 3.37% 0" 3477, 


or 9 N 
Er Iar ^3 
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{.76 Estimate the increase in pressure (in pst) 
required to decrease a unit volume of mercury 


by 0.1%. 


- . d$ 
E dp 4 ( £z. ^42) 


s éhdr 
E = ~ (41% xpt H, 0, 201) 


4/4 x /0 s Ps. 


1.77 A 1-m? volume of water is contained in 
a rigid container. Estimate the change in the vol- 
ume of the water when a piston applies a pressure 


=~ 0,0/6F ™ 


of 35 MPa. 
: dp 
E, p (E3 1.12) 
Thus 
tha? a i (1 m3 )(35 x10, ) 
Ey 2,5 x ID? N“ 
or Put 


decrease in volume z O. 0/63 m3 
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}.78 Determine the speed of sound at 20 °C 
in (a) atr, (b) helium, and (c) natural gas. Express 
your answer in m/s. 


C= VÆRT (Eg Lao ) 


WAth T= 80°C +273 = 293k: 


(a) For al “| lyo) fast. T z 
er air, = =|/(L 40 6 1. ) one) 343 
(b) For helium, C= (1. bb)(2077 )(293k) = /0l0 
Ep k aati 
ce) For natural gas, (c = (131) (578, a ) (293k) = 44,” 
i TM .L Lu 
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1.74 Air is enclosed by a rigid cylinder con- 
taining a piston. A pressure gage attached to the 
cylinder indicates an initial reading of 25 psi. De- 
termine the reading on the gage when the piston 
has compressed the air to one-third its original 
volume. Assume the compression process to be 
isothermal and the local atmospheric pressure to 
be 14.7 psi. 


For isotherma/ compression, = constant so That 


Pe = Iu Where Loo (mifia/ stade Gnd 
"E (F f^ Final state . 


£^ LÁ 
? . mass nile 


and Therefore 
7 = (3)((a5 + 14,7) ps (abs)) = II? pst (abs) 


or 
E gage) ct ht m tos psi gee) 
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1.80 Repeat Problem 1.74 if the compression 
process takes place without friction and without 


heat transfer (isentropic process). 





For Isen tropic compression, T = constant so Thai 
P È | 
k * 25 where l ^ne Initial state and 
fe £ f^ Final state. 





Thus, a M 4 
(E) * 
Sinee zs ET fz. tniha) volume 
/ Volume ? A final volume ^j for a 


and there fore 
/. o 
£ = (3) [ras » 4.7) pst’ labs)] = /d4¢8 pse (abs) 


R (gage) = [048-47 = 170 psd (gage ) 
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1.81 Carbon dioxide at 30?C and 300 kPa absolute pressure 
expands isothermally to an absolute pressure of 165 kPa. Deter- 
mine the final density of the gas. 


For isohhermal expansion , $ = constant So That 


T > f where tr~mtial state and 


w G f £p. stade. 
[hus 
T ha 
f ~ ^. s 
Alse 3 
fe. a S = decisis A = 5, 2¢ Éa 
l RT; (133.9 Z [Goet ar] a 
| i ég: K 
Só that 


165 kPa Ae ) = 293 U 
j” arar NOM Wer dme 
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1.82 Natural gas at 70 °F and standard atmospheric pressure 
of 14.7 psi (abs) is compressed isentropically to a new absolute 
pressure Of 70 psi. Determine the final density and temperature 
of the gas. 


For / Sen tropic Compression m = Constant 5o That 
2 Pr 


fe E A Where ww inital State and 
E F Ev dm Sbata. 
Thus, 4 Pa 4 
a 


fe 


n^ 
aM 


or ] 45 
&: (2 


Also : Pp n H . (14.7 P4 ) (144 | z 20 «Jo Slugs 
x a ( hoe Zen) | (notre ate] m" 
so that -57 
f a 70 d (123 x I^ 2) s 4a ae 
4.7 pst lobs) " £e 
ah el 


(70 A, )( 44 A) 


T = 

F e c ED 3 £4, 
Yas xo? SHE \[2 jp? & ^ 
f x/ ry J(&.ofex ne» 


D 
Se 


— 795 “2 
or 


le = 765R- Up = 305 F 
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1.83 Compare the isentropic bulk modulus of 
air at 101 kPa (abs) with that of water at the same 
pressure. 


For air ( £9, 442), 
Ey = A p = 77312222279 E Ll xI R 


For water (Table dt) 
Ey = 2/5 x1lo 2 


Thas, 
q 
E, tari) | 2445/0 f& 


ase en oe 
E, (ar) L 41x 10? fa 





z 152 x0" 


| - T3. 
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*1.84 Develop a computer program for cal- 
culating the final gage pressure of gas when the 
initial gage pressure, initial and final volumes, 
atmospheric pressure, and the type of process 
(isothermal or isentropic) are specified. Use BG 
units. Check your program against the results ob- 
tained for Problem 1.74. |" 1c 


For compression or CX pansion, 


- 
— = Constant 


where | R=/ for Isothermal process, and R= specific heat vato 
for istntropic process. Thus, 


PEE" 
ae AP 


M £ 
Where tw initial state | Fo Inal stale , So thet 


7. 
5: (E) 4 


(/) 
Since _ mass 
~ Volume 
then fe. Ve 
WX 
t here W, V. ave The initial and final volumes, vespechvely . 
Thus, trom Eg (1) 
4 A 
£ E | x (t hia) (2) 


Where The subscrip g refers to 9age pressure | E guation (2) 
can be written as 


L f 
fj, | a [ds * tem) ~ Fah b 


A spreadsheet (Excel) Program for Calculating i 
the Xing f Gage Pressure follows . 


(cont ) 
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1.84 ( lont? 


This program calculates the final gage pressure of an ideal gas when the 
pressure in psi, the initial volume, the final volume, the 
atmospheric pressure in psia, and the type of process (isothermal or 
isentropic) is specified. To use, replace current values and let k = 1 for isothermal 
process or k = specific heat for isentropic process. 


D Se a se Be | 

Initial gage] Initial | Final | Atmospheric] — —  - Fai 

| pressure | volume | volume | pressue | | pressur 

pis) | V. | V [Pasa | — | (os 

€—— 0.3333 | 147 | 41 |] 1044 | Row 10 
Eu MU ed 


= Formula: / 
_|=((B10/C10)*E10)*(A10+D10)-D10 |__| 


















BÉ. dro" Poklen /.79 are wmeluded ain The 
a bove table, Giving a Anel Gaye pressure of JO4¥ 4 psc 
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1,895 A. An important dimensionless parameter concerned 
with very high speed flow is the Mach number, defined as V/c, 
where V is the speed of the object such as an airplane or 
projectile, and c is the speed of sound in the fluid surrounding 
the object. For a projectile traveling at 800 mph through air at 
50 ^F and standard atmospheric pressure, what is the value of 
the Mach number? 


Mach number = = 


C 
From "ad 8.3 In Appendix B 
Eh 
= [lob < 
Cair @ 50°F S 





Thus E 
(950 mphJ(5180 t Gas) 


hob fe 
S 


Mach number 


Hp 


——— 
——— —" 


H 


D 
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1.86 Jet airliners typically fly at altitudes between approx- 
imately 0 to 40,000 ft. Make use of the data in Appendix C to 
show on a graph how the speed of sound varies over this range. 


ART ( Ey. ze) 


Br 4-490 aqu« f-l76 Es 


Sug: 
49.0 Tl) 


From Table C1 ia Appendix C at an altitude of O £4 
T2 S2oo + 460 = 519R so Th 


c- 4"70/l5/99?e = ///4 cf 


Symilar calculations em be made tor dher altitudes 
qnd the resulting graph is shown Below. 





Altitude, ft Temp.°F  Temp.°R ; 
0 59 519 1116 















5000 41.17 501.17 1097 
10000 23.36 483.36 1077 
15000 0.99 465.55 1057 
20000 -12.26 447.74 1037 
25000 -30.05 429.95 1016 
30000 -47.83 412.17 995 
35000 -65.61 394.39 973 






390.3 





| 40000 -697 


1120 


1100 - 


E PREECE 
SE 
E Iis 
; FEES REI 
; m Ell 

SEM SL 


960 IL 
0 5000 10000° 15000 20000 25000 30000 35000 40000 
Altitude, ft 


, Us 


iT Sound 


— 
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1.87 (See Fluids in the News article titled “This waiter jet is a 
blast.” Section 1.7.1) By what percent is the volume of water de- 
creased if its pressure,is increased to an equivalent to 3000 at- 


mospheres (44,100 psi)? 


dp a= SE (Ee. 132) 
av. AY/ y 


——. 


B ig ~ 44100 psa — 14.) P3t4-— uy 
V 


3.32 xio? pica 


ofh clecrease [M Volume = I4 | of 





1.88 During a mountain climbing trip it is observed that the wa- 
ter used to cook a meal boils at 90 °C rather than the standard 100 
°C at sea level. At what altitude are the climbers preparing their 
meal? (See Tables B.2 and C.2 for data needed to solve this prob- 


lem.) 


When the water boils. 
Proit = for, where from Table B.2, at T= 90% 


fa, = 701x10" F (abs) 
Also from Table C.2, for a standard atmosphere 
p= Zoix 10" S, (abs) al an altitude of 3000 m 
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1.84 When a fluid flows through a sharp bend, low pres- 
sures may develop in localized regions of the bend. Estimate 
the minimum absolute pressure (in psi) that can develop without ' 
causing cavitation if the fluid is water at 160 °F. 


Cavi ta tion may occur when the local pressure eguals the | 
Vapor pressure. for water at 10°F (Gom Table 8.1 111 ApptndicB} 


Ê, = 47% pst (abs) 


/ hus, minimum pressure = %74 pse (abs ) 





4 40 


1.90 Estimate the minimum absolute pressure (in pascals) 
that can be developed at the inlet of a pump to avoid cavitation 
if the fluid is carbon tetrachloride at 20?C. 


Cavitation may eccur when The Suction pressure 
at the Pump inlet eguals The vapor pressure, 
for CaF bon tetrachloride at 40°C £ > /3 LB (ass) 


Thus, minimum pressure = 13 kPa (abs ) 
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1.91 When water at 70 °C flows through a converging section of 
pipe, the pressure decreases in the direction of flow. Estimate the 


minimum absolute pressure that can develop without causing cav- 
itation. Express your answer in both BG and SI units. 


Cavitation rha g occur ih The converging sectién of pipe when 
The Pressure e gaal s The Vapor Pressive . From Table EZ th Appendix P 
for water at 70°C, Rez 31.2 4R Cabs). Thus 


minimum pres5suve = $12 RÈ (abs ) /n SI units. 


Ln 86 ans i 
3 5 l 

‘Minimum pléssare ~ (32x a Y, 455 Xx /0 M ) 
AmA 


7 452 Psia 





1.92. 


1.92 At what atmospheric pressure wili water 
boil at 35 °C? Express your answer in both SI and 


BG units. 


lhe Va por pressure of water of 35°C rs 

5:98/ AA lass) (fram Tasle &.4 on Append B 

USihg linear interpolation J. Thus, (Y water berks 

aE This temptratyre The atmospheric pressure must 
Je egual to 5,9/1 fa lais)ın SL units. Ln BG ani ts, 


3 WwW =} £ ; 
[581 x 10 fe FSO 10 = ) = O f*2 psc (abs) 
P» >* 
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1.94 When a 2-mm-diameter tube is inserted into a liquid in an 
open tank, the liquid is observed to rise 10 mm above the free sur- 
face of the liquid. the contact angle between the liquid and the tube 


is zero, and the specific weight of the liquid is 1.2 X 10* N/m*. 
Determine the value of the surface tension for this liquid. 


24 2U cos8 
h y R 


4 N - - 
KhR 12x10 i (10*10 m) (2x10 ^ m2) 


-—- 0 ———— —  - 


2 cos? 2 cos Ü 


where 0-0 
Thvs, 


= 0.060 4 


/-$0 
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1.45 Small droplets of carbon tetrachloride at 
68 °F are formed with a spray nozzle. If the av- 
erage diameter of the droplets is 200 jm what is 
the difference in pressure between the inside and 
outside of the droplets? 


"E cu 
$e - 


Since T= 2.69 X10 ^ 


N 
^» 
as 


at bg *F (=20°C) 3 
) 


LL 
fu A (2.69*15 = - 5392, 


ine fo" n 


/ - 8I 


( E. lad 1 
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1.36 A 12-mm diameter jet of water discharges vertically 
into the atmosphere. Due to surface tension the pressure inside 
the jet will be slightly higher than the surrounding atmospheric 


pressure. Determine this difference in pressure. 


For equilibrium (see Figure ), 
p(2eSb)= c (2 ££) 


So That 
p= 
. ^34 Xn 


= 


a 





p2R5f 





a Sjo T m 
- /2.2 là f^ excess pressure 
Surface Hension dove: 0 2 Sf 
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1.97 As shown in Video V1.9, surface tension forces can be strong 
enough to allow a double-edge steel razor blade to “float” on wa- 
ter, but a single-edge blade will sink. Assume that the surface ten- 
sion forces act at an angle @ relative to the water surface as shown 
in Fig. Pl. 97. (a) The mass of the double-edge blade is 
0.64 x 10? kg, and the total length of its sides is 206 mm. De- 
termine the value of 0 required to maintain equilibrium between 
the blade weight and the resultant surface tension force. (b) The " eed iae MU ta 
mass of the single-edge blade is 2.61 x 10^ ? kg, and the total w FIGURE P1.97 

length of its sides is 154 mm. Explain why this blade sinks. Sup- 

port your answer with the necessary calculations. 


Surface tension 





T p3 
(a) - os un F 
"bob T simb w 
w herve e = 280. 7 5 x p Gnd T= T x length of sides. 

oae 


(0. by X 105, ) (4.9| mi): (T au x)? A. )(o. 20b m ) sin 
Sine = OO. 
C - 
(b) Fer SIngle- edge blade 
2 ud dm a F 


HI 


(2.1 x0? ka) (4.8) ls) 
0.02565 N 


J] 


and 


I 


(9 lengh of ioa) Sine 
(7.34 x 107? Im) (0.154 am ) sin B 
= 0.0113 sin B 
Ln order for blade to “float” W < Tsino. 


Dince maximum Value for sina is |, i+ follows 
That W>Tsine and single-edge blade will sink. 


[Il sine 
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1. 8 To measure the water depth in a large open tank with 
opaque walls, an open vertical glass tube is attached to the side 
of the tank. The height of the water column in the tube is then 
used as a measure of the depth of water in the tank. (a) For 
a true water depth in the tank of 3 ft, make use of Eq. 1.22 (with 
6 = 0°) to determine the percent error due to capillarity as the 
diameter of the glass tube is changed. Assume a water 
temperature of 80 °F. Show your results on a graph of percent 
error versus tube diameter, D, in the range 0.1] in. « D « 1.0 in. 
(b) If you want the error to be less than 196, what is the smallest 
tube diameter allowed? 


The excess height, h, caused be the surface tension i 
b= 25 Cee CEg, |.22z) 
YR 
For OF O° with D=22 
hee 
xO 
From Table B.{ in Appendix B for water at SOF 
T= £9/ x10 7 lb/ft and = 62.22 |b/ fe? 
Thus from £¢.l!) 


C1 ) 





-J lb = 
h (£4) = ig (44) x03 ) |. 379 x10 , (z) 
fe) DGn) —— In. 
| (62.22 fs) eres eL D Cin.) 
DUM oh error = h F) x 100 (ts th the true clepth 
rF follows from Eg (2) that F 
Plb error = were x 100 
3 Dn.) 
Dln. ) 


A plot of f error versus tube chameter ıs 
Shown on The nert page. 


TOE 


Diameter % Error 





of tube, in. 

0.1 1.26 

0.15 0.84 

0.2 0.63 

0.3 0.42 

0.4 0.32 

0.5 0.25 

0.6 0.21 

0.7 0.18 

0.8 0.16 0 0.2 0.4 0.6 0.8 1 1.2 

0.9 0.14 Tube diameter, in. 
1 0.13 


Values obtained j 





from Eq. (3) 


(b) For LA Error trom £@ (3) 
_ 0.126 
(= [x ia.) 





D-0o/26 in. 
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1.44 Under the right conditions, it is possible, due to surface 
tension, to have metal objects float on water. (See Video V1.9.) 
Consider placing a short length of a small diameter steel (sp. 
wt. = 490 lb/ft’) rod on a surface of water. What is the 
maximum diameter that the rod can have before it will sink? 
Assume that the surface tension forces act vertically upward. 
Note: A standard paper clip has a diameter of 0.036 in. Partially 
unfold a paper clip and see if you can get it to float on water. 
Do the results of this experiment support your analysis? 


7-4 TL 
In order tor rod to float (sce figure) 
it follows Mat 
arh ZW x (E57) i s 
Thus , for The limiting Case aie Aa 
DoF Pet) ge 
(7) £ Yske | TT O's tee | 






so That 






~3 
$(5.D3xló z 


-3 
UN 2n = 5, xin PÉ 


3- (490. 32, ) 


0.OL15 In. 


Since a standard steel paper clip has 4 
diameter of 0.036 [n Which is less Tan 

6.06/46 In., iE should Float. Ar simple experiment 
will Verify This. et 
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1.400 Anopen, clean glass tube, having a diameter of 3 mm, 
Is inserted vertically into a dish of mercury at 20 *C. How far 
will the column of mercury in the tube be depressed? 


A= <0 Cos @ 


yR ( E3. 1.22) 


Fr &- 130° 


_ 2 Cuetec’ ) ens /30° -3 
m ———I—  — -— "A 0 X [D — mm 


[133 X /0 Ue Mo 00/5 ^m ) 


Thus, Column wı ll be depressed 3.00 mam 


1.101 An open, clean glass tube (8 — 0?) is inserted vertically 
into a pan of water. What tube diameter is needed if the water 
level in the tube is to rise one tube diameter (due to surface 


tension)? 
_ 20° Cos 0 fee har) 
Az Tz 1 
Fh. 422R asd 8-20? 
aps 29 t! 
rk 3 |b 
Gnd p? = O ~ SFO2 X10” Fe 
4 62,4 1% 
è fe 3 


R= 9.9g xid fh 
cliameter = ZR = 1.80 xi Lt 
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1.402 Determine the height water at 60 *F will 
rise due to capillary action in a clean. 1-in.-di- 
ameter tube. What will be the height if the di- 
ameter is reduced to 0.01 in.? 


xR 
For water at 60°F ( trom Table B./ 1h Appendix B), 
T= 503x00? E and X= 6237 $, . Thug with 870, 


( for 7 0. /28 /A. ) 2 (6.03 xn" Z ap 


(62.37 Fi) (BF #) 


= ESE 2 is dt 


or ; | 
$ = (55x10 ft )( Ze) = 0,186 In. 
Similarly, 


( for R=0.005m.) 


E C» /25 ın. B a 
4. = (0.184 in.) TA = 465 in. 
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1.103 (See Fluids in the News article titled "Walking on water,” 
Section 1.9.) (a) The water strider bug shown in Fig. P1.103 is 
supported on the surface of a pond by surface tension acting along 
the interface between the water and the bug's legs. Determine the 
minimum length of this interface needed to support the bug. As- 
sume the bug weighs 10 ^ N and the surface tension force acts 


vertically upwards. (b) Repeat part (a) if surface tension were to 
support a person weighing 750 N. 





H FIGURE P.103 


oh 


Poy equi libram ; 


“l= ot 
(0) gl. Ww, ID ^N tu 


T5 13 xip*.M aw weight 
d m U^ Surface Tensión 
= |[.365x1D (m j av length of interface 


(). 31 x10 ym) (1o omen = [.3b mw 


(b) 





Q > ITN 


= |02 XID m ( 6.34 mmi |l 
7.24 xi N : 


3 
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1.10% Fluid Characterization by Use of a Stormer Viscometer 


Objective: As discussed in Section 1.6, some fluids can be classified as Newtonian flu- 
ids; others are non-Newtonian. The purpose of this experiment is to determine the shearing 
stress versus rate of strain characteristics of various liquids and, thus, to classify them as 
Newtonian or non-Newtonian fluids. 


Equipment: Stormer viscometer containing a stationary outer cylinder and a rotating, 
concentric inner cylinder (see Fig. P1.10; stop watch; drive weights for the viscometer; three 
different liquids (silicone oil, Latex paint, and corn syrup). 


Experimental Procedure: Fill the gap between the inner and outer cylinders with one of 
the three fluids to be tested. Select an appropriate drive weight (of mass m) and attach it to the 
end of the cord that wraps around the drum to which the inner cylinder is fastened. Release 
the brake mechanism to allow the inner cylinder to start to rotate. (The outer cylinder remains 
stationary.) After the cylinder has reached its steady-state angular velocity, measure the amount 
of time, t, that it takes the inner cylinder to rotate N revolutions. Repeat the measurements us- 
ing various drive weights. Repeat the entire procedure for the other fluids to be tested. 


Calculations: For each of the three fluids tested, convert the mass, m, of the drive weight 


to its weight, W — mg, where g is the acceleration of gravity. Also determine the angular ve- 
locity of the inner cylinder, w = N/t. 


Graph: For each fluid tested, plot the drive weight, W, as ordinates and angular velocity, 
w, aS abscissas. Draw a best fit curve through the data. 


Results: Note that for the flow geometry of this experiment, the weight, W, is propor- 
tional to the shearing stress, 7, on the inner cylinder. This is true because with constant an- 
gular velocity, the torque produced by the viscous shear stress on the cylinder is equal to the 
torque produced by the weight (weight times the appropriate moment arm). Also, the angu- 
lar velocity, w, is proportional to the rate of strain, du/dy. This is true because the velocity 
gradient in the fluid is proportional to the inner cylinder surface speed (which 1s proportional 
to its angular velocity) divided by the width of the gap between the cylinders. Based on your 
graphs, classify each of the three fluids as to whether they are Newtonian, shear thickening, 
or shear thinning (see Fig. 1.7). 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Rotating Inner cylinder 


Outer cylinder 





Drive weight 
Fluid 
w FIGUHE P1095 
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Problem 1.104 Problem 1.104 
Weight, W, vs Angular Velocity, w Weight, W, vs Angular Velocity, o 
for for 
Silicone Oil Corn Syrup 








©, revis 















Problem 1,104 

Weight, W, vs Angular Velocity, o 
for 

Latex Paint 


0.00 0.20 0.40 0.60 0.80 
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1.105 Capillary Tube Viscometer 


Objective: The flowrate of a viscous fluid through a small diameter (capillary) tube is a 
function of the viscosity of the fluid. For the flow geometry shown in Fig. P1.10$, the kine- 
matic viscosity, v, is inversely proportional to the flowrate, Q. That is, v 2 K/Q, where K is 
the calibration constant for the particular device. The purpose of this experiment is to deter- 
mine the value of K and to use it to determine the kinematic viscosity of water as a function 
of temperature. 


Equipment: Constant temperature water tank, capillary tube, thermometer, stop watch, 
graduated cylinder. 


Experimental Procedure: Adjust the water temperature to 15.6°C and determine the 
flowrate through the capillary tube by measuring the time, ¢, it takes to collect a volume, V, 
of water in a small graduated cylinder. Repeat the measurements for various water temper- 
atures, 7. Be sure that the water depth, h, in the tank is the same for each trial. Since the 
flowrate 1s a function of the depth (as well as viscosity), the value of K obtained will be valid 
for only that value of h. 


Calculations: Foreach temperature tested, determine the flowrate, Q = V/t. Use the data 
for the 15.6?C water to determine the calibration constant, K, for this device. That is, K = vQ, 
where the kinematic viscosity for 15.6?C water 1s given in Table 1.5 and Q is the measured 
flowrate at this temperature. Use this value of K and your other data to determine the vis- 
cosity of water as a function of temperature. 


Graph: Plot the experimentally determined kinematic viscosity, v, as ordinates and tem- 
perature, T, as abscissas. 


Results: On the same graph, plot the standard viscosity-temperature data obtained from 
Table B.2. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 






Capillary tube 


Graduated cylinder 


m FIGURE Pt.105 
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Solution for Problem 1,/05 Capillary Tube Viscometer 


From Table B.2 


Vm ts T,degC Q, mi/s v, m^2/s T,degC v m^2/s 
9.2 19.8 15.0 0.465 1.12E-06 10 1.31E-06 
9.7 15.8 26.3 0.614 8.49E-07 20 1.00E-06 
9.2 16.8 21.8 0.548 9.51E-07 30 8.01E-07 
9.1 21.3 12.3 0.427 1.22E-06 40 6.58E-07 
9.2 B1 34.3 0.702 7.42E-07 50 5.53E-07 
9.4 10.1 50.4 0.931 5.60E-07 60 4.75E-07 
9.1 8.9 58.1 1.022 5.10E-07 

v=K/Q K, m^2 ml/s^2 v (at 15.6 deg C), m^2/s 
5.21E-07 1.12E-06 
K=vQ=1.12E-6 m‘2/s * 0.465 mi/s = 5.21E-7 m42 mi/s*2 











Problem 1.105 








Viscosity, v, vs Temperature, T 

1.5E-06 

1.0E-06 5 pe 
2 T———' 
N € Experimental || 
E — From Table B.2| | 
> 

5.0E-07 pee 


0.0E+00 | 
0 
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a pS p m > D sme 


- mA meint Pe denitro us nt boe in 2.2. 
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2.2 A closed, 5-m-tall tank is filled with water to a depth of 4 m. 
The top portion of the tank is filled with air which, as indicated by 
a pressure gage at the top of the tank, is at a pressure of 20 kPa. 
Determine the pressure that the water exerts on the bottom of the tank. 





3N 
= 20x10 Z +2 80x10 73 (4m) 


592 x [0^ M, = 59,2 kPa 


MO 
NH 
CN 
~fa 
Sx 
zy- 
i 


u 


2.3 A closed tank is partially filled with glycerin. If the air 
pressure in the tank is 6 lb/in.* and the depth of glycerin is 10 
ft, what is the pressure in ]b/ft? at the bottom of the tank? 


paths P= (7944, Vio te) +(b Lyle) 
/b 


= O — 
joso t, 


Mc eS 


2.44 Blood pressure is usually given as a ratio of the 
maximum pressure (systolic pressure) to the minimum 
pressure (diastolic pressure). As shown in Video V2.2 such 
pressures arc commonly measured with a mercury mano- 
metcr. A typical value for this ratio for a human would be 
120/70, wherc the pressures are in mm Hg. (a) What would 
these pressures be in pascals? (b) If your car tire was 
inflated to 120 mm Hg. would it be sufficient for normal 
driving? 


p= Yh 
(A) For 120 2mm HG: P= (133 x 10° )(o, 20m )* [&. 46 fà 


For [0 mm Ha z P= (133 x07 (o. 070m )= 7.3/ «E 


| p IW -* a 
(b) For 120 nam He ZEN (14. D x [0 m )(t¢sox10 Ei ) 





= &, FZ Pst 


Since a typical Tire pressure z Jo-35 75e / Z0 m sm H 
is pot sufficient Yor normal DING. 


2.5 An unknown immiscible liquid seeps into the bottom of an 
open oil tank. Some measurements indicate that the depth of 
the unknown liquid is 1.5 m and the depth of the oil (specific 
weight — 8.5 kN/m?) floating on top is 5.0 m. A pressure gage 
connected to the bottom of the tank reads 65 kPa. What is the 
specitic gravity of the unknown liquid? 


P ii» = (331) (Fam) =p Cala San) where Nun Unknown hewa 2 
6 om 
Te Hoan = pf 4 (Sm) = psx -(asx0 (sm) 
kS 


= |5 x0 N 

m>? N 

3N 
Yu 2 OOgEXB m? — [53 
56: de — | 


= 7 = — ——— —À X, -— 
fu, o € VIC 4,9 xp N, 


2.6 


2.6 Bathyscaphes are capable of submerging to great depths 
in the ocean. What is the pressure at a depth of 5 km, assum- 
ing that seawater has a constant specific weight of 10.1 kN/m?? 
Express your answer in pascals and psi. 


pork +4 
At the surface. ££ =0 so That 


3 e 
f= lorri Z& s 103,4) 750.5 x1). = 50.5 MP, 


Also, 
= (5o 5 iot a) laeso eut ime] m WEE Ba; 
CERE 


fim * 
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2. For the great depths that may be en- 
countered in the ocean the compressibility of sea- 
" water may become an important consideration. 
(a) Assume that the bulk modulus for seawater 
is constant and derive a relationship between 
pressure and depth which takes into account the 
change in fluid density with depth. (b) Make use 


Ca) 
d _ 


| Thus d 
J te 


dtegrating &.U ). Jince, 





of part (a) to determine the pressure at a depth 
of 6 km assuming seawater has a bulk modulus 
of 2.3 x 10? Pa, and a density of 1030 kg/m? at 
the surface. Compare this result with that ob- 
tained by assuming a constant density of 1030 
kg/m. 


( Eg. 2.%) 


e) 


n ye 1S a function of P. we must determine p=F(P) be fore 


E dp (Ee 13) 
Then Y P p 
] ae 
dp = E, 2 
o l 
5S Tha t 
E £. 
p< 620% 
Thus, - o 5r Where pape at po 
2 P-o ad surface 
From £4.) | 
o Z, L 
dp + 
Ê E -d dz £ £i 
poc" 2, » 
or "o£ A 
er ab ^ 764 "2 
$ ^ 
so That 


p= -E Ln f1-. 15 | where k= Zz, the 


depth below surface 








(cont? 


(con't) | 


(b) From part a) 2 
fo 
el a ÉE) 
So That at fF baba. 


Puce (2.3 x iof X, ) Ln / 


um" 
m C 


S (.03.xio *% (3.21% ) (6x10) 


3 €.jA* A 


mmn + 


ce) For constant density 
path= pgnk =(1. o3 xw? SE) (4.91% Me x10°m ) 


= 6046 Mia 


2.8 ~ 


2.q 


2.8 Sometimes when riding an elevator or driving up or down a 
hilly road a person's ears "pop" as the pressure difference between 
the inside and outside of the ear is equalized. Determine the 
pressure difference (in psi) associated with this phenomenon if it 
occurs during a 150 ft elevation change. 


ap * (ah «0. 0765 2 h (ISofi) 





dE wai ss 
2 [l-5 ga (Tga ina ) 
= 0,0797 psi 
2.9 Develop an expression for the pressure 


variation in a liquid in which the specific weight 
increases with depth, h, as y = Kh + yo, where 
K is a constant and y, is the specific weight at the 
free surface. 


d 
T- -y ( Eo 24) 


Q^ el 


2.76 





P Wu 
/ PEM OO? Ce et 


( Cont ) 
*2.10 Inacertain liquid at rest, measurements of the spe- 60 107 
cific weight at various depths show the following variation: 70 110 
80 112 
a a aa a ee 
90 | 114 
h (ft) y (Ib/ft)) 100 115 
- — 
0 70 ———————————— S 
BE 5 The depth h = O0 corresponds to a free surface at atmo- 
30 9] : spheric pressure. Determine, through numerical integration 
40 97 of Eq. 2.4, the corresponding variation in pressure and show 
50 102 the results on a plot of pressure (in psf) versus depth (in 
fee). 
of y 
=- 2, 4 


let £f 4. - 4 cp tigure ) Se 
Thet cla=—cdh and here Pre 


apes ~y¥d2z2= rdh 





Thus, „Æ he 
fa» = ydh 
O Ó 
oY Re 
f - f Y dA (1) 


Where f. 4s The pressure at cep Th A 


[que tion (1) Can be sa tegrated Numerically USIns 
the trape Jordal rule, če., 


m~! 
o 
a 2G + Ha Mx, -x) 


/J here "e Y ) X ^ h, aud N = number of data 


Points ! 


(cont) 





( Contd 


The tebulated results Are Giver below, alons 
With The Corresponding plot ef pressure vs. depth. 


h(ft) y, Ib/ft^3  Pressure,psf 


0 70 0 

10 76 730 
20 84 1530 
30 91 2405 
40 97 3345 
50 102 4340 
60 107 9385 
70 110 6470 
80 112 7580 
90 114 8710 
100 115 9855 


Pressure, p (psf) 





Depth, h (ft) 


2, 42 





Elevation (ft) Temperature (°F) 
5000 50.1 (base) 

*2.12. Under normal conditions the temperature of the me EU 
atmosphere decreases with increasing elevation. In some 6400 62.6 
situations, however, a temperature inversion may exist so 7100 67.0 
that the air temperature increases with elevation. A series 7400 68. d 
of temperature probes on a mountain give the elevation 8200 70.0 
-temperature data shown in Table P2.12. If the barometric 8600 9 

pressure at the base of the mountain is 12.1 psia, determine 9200 E 
by means of numerical integration the pressure at the top of 9900 61. 

TABLE P2.12 


Fyon £9. 2.9, z. 
In 5-2 
) PR ^ T 
In The da ble below the temperature in PR is divin 


Aand The inde grand i] 7-Cer) tChbula ted. 


Elevation, ft — T, ?F T,°R | 1/TCR) 


9000 50.1 509.8 0.001962 
9500 99.2 914.9 0.001942 
6000 60.3 920.0 0.001923 
6400 62.6 522.3 0.001915 
7100 67.0 926.7 0.001899 
7400 68.4 528.1 0.001894 
8200 70.0 529.7 0.001888 
8600 69.5 929.2 0.00189 

9200 68.0 527.7 0.001895 
9900 67.1 526.8 0.001898 


The approximate Value of The witegral in &G. 2.7 à 
q 34 o b tained Asins The. Frape 2 o! dal Fu M ^-a i 
! > | X ~ elevation 
i= $ a (G+ Ye ) (%,, ~%; ) where tla T J 
P) 


t iw ber of data points. Thus, 
7450 Ft 


£t 
(=) de = 7.34 TR 


boo fE 
So Tat [ wta 4 = 32.2 tls? ana R= /7/6 ft. l} shag: R 


E Pa a ( 22.2 2 ) (4.34 £E csi Py UC] 
f ]715 f£-1b / slas: *R 


Gna 


(cont) 
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SAOR 


(Cont ) 


$i uk an £9 Cl) toi TH $ = /2.] psia Met 


— 0.1753. 


$ -= (12.1 psia) C = /O. 2 psca 


(Vote i Since The tempera ture variation lS not Verg large ») 


(T. would be expected Thet The assumption of a Constant 
temperature would give Food vesu/ts. ZF The tem pe rata ve 
ts assumed To be Constant af The base 7m pera Eure 


(50./ *F), fa s l0./ psia , which ts only slightly 
different som The result given above * 
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2.14 (See Fluids in the News article titled ‘‘Giraffe’s blood pres- 
sure,” Section 2.3.1.) (a) Determine the change in hydrostatic pres- 
sure in a giraffe’s head as it lowers its head from eating leaves 6 m 
above the ground to getting a drink of water at ground level as 
shown in Fig. P2.14. Assume the specific gravity of blood is 
SG = 1. (b) Compare the pressure change calculated in part (a) to 
the normal 120 mm of mercury pressure in a human's heart. 





( 5) To Compare uI iTA Pressure in 


human heart 
Convert Pressure tn part Ca) Jo ^m Ha ; 


LN - - ((35 9" 
53.3 BN = Y^, (23 may 


> ? ma \ = amm H 
um (0.442 m )( 10 me ) 442 C 


Thus, The pressure Change in The giraffes head 


is 792 mam Hg Compared loifu | 125 v H5 E 
the human heart. 
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! 2.15 


2.15 Assume that a person skiing high in the mountains at an 
altitude of 15,000 ft takes in the same volume of air with each 
breath as she does while walking at sea level. Determine the ratio 
of the mass of oxygen inhaled for each breath at this high altitude 
compared to that at sea level. 


Let ( ), denote sea level and ( ) , denote 15,000 ft altitude. 
Thvs, since m = mass =ọ V, ia V/* velyme 

m, *Q, UY, and Ms =Pis Vs, where Vy = Ug. 

Hence, 


lg Os Vis js Gs. 

"^ uon  & 

If il |S assvmed that the ai^ composttion (e. Q; LA Z of 

air that ic oxygen) is the same af sea level as if jsaf/5, 207 
then we can use the p Palves from Tabje C1: 


0,7 2,377 x10 ^ e and As =I xi $e shv "TE $0 that 


m, -3 sivas 
- php s -0.622 «62.57, 


Ma 2,377x| j ? "E 


ez 


(a) 


2.16 Pikes Peak near Denver, Colorado has 
an elevation of 14,110 ft. (a) Determine the pres- 
sure at this elevation, based on Eq. 2.12. (b) If 
the air is assumed to have a constant specific 
weight of 0.07647 lb/ft, what would the pressure 
be at this altitude? (c) If the air is assumed to 
have a constant temperature of 59 °F what would 
the pressure be at this elevation? For all three 


| cases assume standard atmospheric conditions at 


sea level (see Table 2.1). 


£ 
-£ (i= es J^ (Fe. 2.12) 


: z = * tt 
for f= Alle.aZ, , 2000957 FZ, gx 32s £5, 





s , = ft. db qune 
Ta = 918.67°R , R= 17/6 Sage 


2. SRAN Æ 





— M = 42,292 
Rp PuE a S. baee Ze ) 
then 5.252 
( dp ) (0.00357 Ge )Í It 11o f£) 
br [Rua 2111 —SMÁÁÁÁÓÁÁÉÁ—— 
518,67 ^ 
= I240 5 (ats) 
f> 
= &llG.2 A - (o 6764) ae zs lo £t) 
— [ouo Œ (abs) 
foto Pe, (abs) 
ae 
i (Eg. 2.10) 
CC ) 


2,174 fe (m po FE) 


(3 
- EATA fos. Bete 
(4114.2 je [716 Pea Ji ial 


| 2.47 | Equation 2.12 provides the relationship 
i between pressure and elevation in the atmo- 

sphere for those regions in which the temperature 

varies linearly with elevation. Derive this equa- 

tion and verify the value of the pressure given in 

Table C.2 in Appendix C for an elevation of 5 


km. P Zi 
d ] g d 
[# _ £ [a (E? 22) 





7) 23 
let pop de Z0, 5p de AB, and Te BÈ. 
Thas, P 
el f um 2 dz 
P R I v 
f o 
£ 
or 


P 
RV [9 
T 


O 


r | 
lin 
and Faking logarithm of both sides of eg uation yields 


"i 


+ z à ka Fue) = [^ (Ta,-(32) Ax 
-i 
R 


Pe ge ) 3 wi TA p, 101 S34. , Ta AFEGK, p2 4.807% | 
P= 0.00050 | ae fet s, ; 





£n: | 
287 ~~ 6, 00655 ) 
(0. 00654 )(&x bom ! ( 7 am 
p= fiiis 4A) 1 - am Mt ' | 
273,16 K | 


| 
| 

+t N 
2 Sta x Io pe 


c—— 4 
( Fam lable Cad in Appends« PEEL. 5405 x 10 x.) 


2,19 

2.18 As shown in Fig. 2.6 for the U.S. stan- 
dard atmosphere, the troposphere extends to an 
altitude of 11 km where the pressure is 22.6 kPa 
(abs). In the next layer, called the stratosphere, 
the temperature remains constant at — 56.5 °C. 
Determine the pressure and density in this layer 
at an altitude of 15 km. Assume g = 9.77 m/s? 
in your calculations. Compare your results with 
those given in Table C.2 in Appendix C. 


Fer usethermal conditions, 


-g2-2) 
p=te€ R Ta (Eg, 210) 


E Ax. . zu 
let Z= lkm p=22.4kPa , R= 281 rk g^ "Di, 


and T= -545°C +83.5 = JILASK 





Thus, 
_ 77 2 )( 1x10 m= 11x10: ) 
= (22.442, C LX )( 214. L9 e? 
2 
mre. J A Pa 
Als 3 NM 
E zo 5 janinda = 0,195 FE 
(e RT | mm 3 


(287 ga) bsk) 


= Table C2 tm A p pendix E ) 2e lal kPa and 
. A 
f= O19 48 f » 


3 


A*l5 
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2.19 (See Fluids in the News article titled ‘Weather, barometers, 
and bars,” Section 2.5.) The record low sea-level barometric pres- 
Sure ever recorded is 25.8 in, of mercury. At what altitude in the 
standard atmosphere is the pressure equal to this value? 


For record low pressure, 


lb 
= Y^ 3 94 Ib jans J tt xd =. 
Sug ms "s "he [2 ta (44 tn. ie 
From Table oi E h ppenár' i C " 
@ oft altitude ps L4G * 
(D bopoí4 cl t«de p= |2.228 lb zh 
Assume linear variation Change in puma per ft Thus, 


pressure chame per foots ILI Ty 12728 ip, 
Jooo ft 
= 5$ Q3L xIb- UT E ME, £t 
and. 


I4 Lb T5. 7 4 Ce [4.331 x6 Tir |= I2. th Y 
So Met gL = u 250 Ft 
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2.20 On a given day, a barometer at the base of the Washington 
Monument reads 29.97 in. of mercury, What would the barometer 


reading be when you carry it up to the observation deck 500 ft 
above the base of the monument? 


Lei ( ) and ( ), correspond to the base and observation 
deck, respectively. 


Thus, with H = height of the monvment, 

f^ - fod = Gin = = Z45xit Hs (500 ft) = 28.5 P 
p, 

f= Hy, h, where 4, Ng = $470 as and h = barometer reading, 
Tn 


Oy (2777 H) -¥ haf = 38-5 Hs 
Or 


zl 29,77 B ZF 2 In. 
Pod (= fi) ah 1622) -0.0455 M (ii) 


= (29.97 -0.5 45) IN. 
or 


hy = 29,43 in. 
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2,2) Bourdon gages (see Video V2.3 and Fig. 2.13) are 
commonly used to measure pressure. When such a gage is 
attached to the closed water tank of Fig. P2.2.! the gage reads 
5 psi. What is the absolute air pressure in the tank? Assume 
standard atmospheric pressure of 14.7 psi. 


p=tht p 
fpe FB POY, = Be 
f^ (5 ft, ? H.7 2, ) — 


(1 £4 (62.4 #,) 


[44 Ih? 
ft 


Js = [7.2 Psa 


ii 
ad 
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$4. 





eii 





7 oe 
wa Vu * 


12 in. 


Y. 






she 7 


a 






fe 






E, 






Bourdon gage 


W FIGURE P2.2I 
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2.22 Onthe suction side of a pump a Bourdon 

pressure gage reads 40-kPa vacuum. What is the 
correspondine absolute pressure if the local at- 
mospheric pressure is 100 kPa (abs)? 


(abs) PP (gage ) + P latm) 
~twhR + joohhn = bo hh 


i 


Ii 


2.2.4 


2.24 A water-filled U-tube manometer is used to measure the pressure 
inside a tank that contains air. The water level in the U-tube on the side 
that connects to the tank is 5 ft above the base of the tank. The water 
level in the other side of the U-tube (which is open to the atmosphere) 
is 2 ft above the base. Determine the pressure within the tank. 


fair +% (58) 70, , (2H) =0 





acc b 


n 


or 
fir = -CMG 


n 


- 187 qs 





zm 





2.25 A barometric pressure of 29.4 in. Hg 
corresponds to what value of atmospheric pres- 
sure in psia, and in pascals? 





27. 
(Ln pa] p= yh =- (247 2.1 Con ay E, —O P5 psia 


( Fa ) b- xh = (1a3x10 ,\(204in ) (2 540x107 i 19 s 4 D (abs) 
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2.26 For an atmospheric pressure of 101 kPa 
(abs) determine the heights of the fluid columns 
in barometers containing one of the following liq- 
uids: (a) mercury, (b) water. and (c) ethyl alco- 
hol. Calculate the heights including the effect of 
vapor pressure, and compare the results with 
those obtained neglecting vapor pressure. Do 
these results support the widespread use of mer- 
cury for barometers? Why? 


(Treluding Vapor pressure | (w, Thou t Va por pressure |) 
plat) = Xt is P P ltn) = xh 


where b ~ vapor pressure 








4 atm ) 
hus, — p. fe )- fv j. c 
à 
-i 3 N 
lol Eu ae l|. b XIb EA Io] *1b. 4i 
| (A) For mercury - E cese — T = —T, 
SES Bo 33x10, 
= 0,157 m = 0,754 ^m 
/ jug " T1310 ¥ il 
i LL E 101 X 1D Tmt 
(bh) for weder . E z mÀ e v ee ee 
2 920x105 X 4. 0 E 
^m 3 MA 
= 10.1 "m = 10,3 mm 
3 ^M Jy SW 
(C) For eA, | À _LOIXID mh -Ex —, J | 401 x Ib o 
alcohol ! 2 —— > 
7.7*x10? M 77¥ x10 *, 
/m 3 M 


I] 


- là.3 m [3.0 m 


Yes. For mercury barameters The effect of vapor pressure 
/S sewiv iila J and the veguired height of The mercury 


Column /s reasonable., 


ut 


2.27 A mercury manometer is connected to a large reservoir of 
water as shown in Fig. P2.27. Determine the ratio, 4,,/h,,, of the 
distances h, and hp indicated in the figure. 





i = Si by + Sw hm 
but f^ = f^ ES Sin (2 hm) 


T hus, 
Y, hy + Sw Hon = 20, hm 





M@FIGUAE P2.27 


Or 
( £,) h, - (2 f - Yu ) hm 


so that 

h ies (2 € - fw) = - NE = 

T — aa =2 56, / J where $6, fy z13.56 
T hys 

hw 


2(13.56)-1 2 26.1 


enm 
————— xl 


"er^ 
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228 


=~ Closed valve 







2.26 A U-tube manometer is connected to a closed tank 
containing air and water as shown in Fig. P2.28. At the closed 
end of the manometer the air pressure is 16 psia. Determine the 
reading on the pressure gage for a differential reading of 4 ft 
on the manometer. Express your answer in psi (gage). Assume 
standard atmospheric pressure, and neglect the weight of the air 
columns in the manometer. 






Air pressure = 16 psia 


2 ft 
Gage fluid : 
(y 2 90 Ib/ft?) ressure 
gage 


f daf (gfe) + oy (2fz) = f ape 


Thus, B 
fose - (io md m e (m 2, li 
-+ (024 £, )(2 4) 


= 672 =, = (ore 2.) Lf) = £67 psi 


2-23 
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i1 2.24 Aclosed cylindrical tank filled with water has a hem- 


[2.29 


Hemispherical dome 






| ispherical dome and is connected to an inverted piping system € kPa AT i 


as shown in Fig. P2.29. The liquid in the top part of the piping 
system has a specific gravity of 0.8, and the remaining parts of 
the system are filled with water. If the pressure gage reading at 
A 1s 60 kPa, determine: (a) the pressure in pipe B, and (b) the 
| pressure head, in millimeters of mercury, at the top of the dome 


(point C). 


la) 


(b) 


— — — — — 





£ + G8 C5, ,) 0 ) 7 ^ f a) = P 


b -= GoAR 4 (2.8 (t «uw P) (8 m ) v (9.80110 B.) [2m ) 
= /03 kh 


F = Py = Oho £79 
s boAb- (480x104, JG» 


3 3 N 
- $0.6 xIb Au 


m 


E a z 0.234 
à 3 v sii 
25 CIFA APE gs 





3 N 
d PP, E 30,L X1 E 





3 
= 0.230 m ( /! mm ) = Z 30 mmm 
—— 7" ee, 
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2.34) Two pipes are connected by a manometer as shown in Fig. oliin 
P2.30. Determine the pressure difference, pa — pg, between the pipes. , 


13 m 







Gage fluid 
(SG = 2.6) Water 
A 


E FIGURE P2.30 
r a d o (0.5. 0.be) — m ETE Nees 0 (1.3m-0, 5m )= 4 
Thus, 


P- i Yop (0.6m) ES 0, (0, 5m t Obam t l3m —0. 50 ) 


P 


(2.6)( 9.81 RY otm) - (3.804 (1.3m) 


— 332 RR 


if 
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2.3] A U-tube manometer is connected to a 
closed tank as shown in Fig. P2.3[. The air pres- 
sure in the tank is 0.50 psi and the liquid in the 
tank isoil (y — 54.01b/ft?). The pressure at point 
A is 2.00 psi. Determine: (a) the depth of oil, z, 
and (b) the differential reading, h, on the ma- 
nometer. 


FIGURE P2.3 


o 5 F 2; Ż + Per 





Thus b 
" bt ib LLL 
^ gx CAD. EE SLE 3] 
Soil SHO 4, 


(6) f+ X, (at) - (sey, ) ^. =O 


[hus, 
P, + Yari (2 £t) 


(SG) ( Sng) 





M. 





= 4004t 


(à (e E). ($4.0 p (2 tt) 


=v 
— 


(3.05) (62.4 E) 


= 7.09 ft 
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2.32 For the inclined-tube manometer of Fig. P2.32 the 
pressure in pipe A is 0.6 psi. The fluid in both pipes A and B 
is water, and the gage fluid in the manometer has a specific 
gravity of 2.6. What is the pressure in pipe B corresponding to > 
the differential reading shown? TER 
3 in. NS 

i 





FIGURE P2.32 








2 
(where Yap s The nu n of the gage Fluid ) 
Thus, " | 
P, = A = En CS f) 514 30? 
lb 
i (0.6 = 7) (eH L)- (2.4 62 TAE fe) (0.5) = 32.3 Ft 
= 323 p wa dp = 0,229 Pac 
2.33 


2.33 A flowrate measuring device is installed 
in a honzontal pipe through which water is flow- 
ing. A U-tube manometer is connected to the 
pipe through pressure taps located 3 in. on either 
side of the device. The gage fluid in the manom- 
eter has a specific weight of 112 lb/ft. Determine 
the differential reading of the manometer corre- 
sponding to a pressure drop between the taps of 
0.5 Ib/in.?. 


Flowmeter 





Let PB and $, be pressures at pe taps. 
Write Manometer Of uation between fo ant f, Thus, 

$e % Om +h) - RA -N t 74 
So That 


gi P, — fa MC. s Jn in" 


bat - Vuzo (43.7 Es baie = a 





- [us fL 
E ———————— 50.2903 A 29 A 
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2.34 Small differences in gas pressures are 
commonly measured with a micromanometer of 
the type illustrated in Fig. P2.34. This device con- 
sists of two large reservoirs each having a cross- 
sectional area, A,, which are filled with a liquid 
having a specific weight, y,, and connected by a 
U-tube of cross-sectional area, A,, containing a 
liquid of specific weight, y,. When a differential 
gas pressure, p, — p, is applied a differential 
reading, h, develops. It is desired to have this 
reading sufficiently large (so that it can be easily 
read) for small pressure differentials. Determine 
the relationship between /! and p, — p; when the 
area ratio A,/A, is small, and show that the dif- 
ferential reading, h, can be magnified by making 
the difference in specific weights, y, — y,, small. 
Assume thatinitially (with p, = p,) the fluid levels 
in the two reservoirs are equal. V. 
inihi / 


/€ ve / 


———À 


initial leve / ibue d 
fer gage Flad 





When G d, ferential pressure , Bh, "t: applied we assume fhet level in left 
yeserveir drops by a distance, hh, aud right level rises 8y Ah. Thus, 
The (nanometer eguation becomes 


p+ y(t hth) 44-3 (4 44924 
p-p= 44-44 + y (244) (1 } 


Since The lig yids jn The manometer are incompressible, 


ALA = HA, or TEL. 


qnd if E (5 Small Then Abhe<sR and last term in E@ ¢)) 
can be neglected. Thus, 
demde ox CET PE 


or P -p 
$ = 


or 


ya Yı 
eaa Sele ae , 
Gnd large vales ef h can be obtained for Small pressure 


differentials if à - d, 5. Small, 
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2,95 The cyclindrical tank with hemispherical ends shown 


O 

in Fig. P2.35 contains a volatile liquid and its vapor. The liq- Vapor / iu 
uid density is 800 kg/m?, and its vapor density is negligible. [s 

The pressure in the vapor is 120 kPa (abs), and the atmospheric | 17 
pressure is 10] kPa (abs). Determine: (a) the gage pressure read- l m a. d, 

ing on the pressure gage; and (b) the height, ^, of the mercury a Je qp i | 
manometer. - US ME | - 

]m 
“Mercury 





MS FIGURE P2.35 


Ga) Let Ys ap of laguia = (Goo 28, )(qai)= Tas0l, 


and 


Taper (Gage) P |20 Je P. (abs) E lol RP (abs) = LIRR 
Thus, 
Tere BUR E 5 (im) 
19 X10, E $ (1855 9, (Vm) 


26. -de R. 


I 


(b) END + 5 ms) - Lm (A) zo 
xu! + (7850%,) (im) ~(133x0  ,)( 4) 20 


4 = O.-4£-@-2-l-Aw 


2-27 
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2.36 Determine the elevation difference, Ah, between the 
water levels in the two open tanks shown in Fig. P2.36. 


w C1) 


Ss. FER Tate T3 
i t 
11 
1 


lm AS 


E FIGURE P2.36 





x 5 
ENEN 


AEn 


4 - Y^ + (S6) po ki + k EAE Y, (Ah) = B 


S,nce P a 1,530 


Ahs 0.4m — (6) 0 om ) 


li 


O. 0^ O m 


2.087 


Open Open 


2.37 For the configuration shown in Fig. 
P2.37 what must be the value of the specific 


weight of the unknown fluid? Express your an- 
swer in |b/ft*. 





FIGURE P2.37 
ef unknown fluid. Then, 


Sus eee fe| - du E LL -33) y d 


Let Y be specific weight 


IL 





and 
y= mn 0 | (ss- a) - (&4- 3,3) Jim jens á y tou 
(33—14) in. 
- ib 
= gai #, 


A-30 


2d. 3 f Ocean surface 





2.38 An air-filled, hemispherical shell is at- 
tached to the ocean floor at a depth of 10 m as, 
shown in Fig. P2.3%. A mercury barometer lo- 
cated inside the shell reads 765 mm Hg, and a 
mercury U-tube manometer designed to give the 
outside water pressure indicates a differential 
reading of 735 mm Hg as illustrated. Based on 
these data what is the atmospheric pressure at the 
ocean surface? 





Mercury 






Shell 





FIGURE P2.35 


let: e ~ absolute qi pressure inside shell = a (o. 785] 
bp, v surface atm os pherie pressure 
Se ~ specifie weight of seauuter 


Thus, manometer equa ion Can be written as 


b. ; o. (10 om ) e ae (o $60 ) € D (0,735.0) = R 
Jo That 


dus Eo E, (12.26 m) rd, (one 


(193 $X \(o,76¢m) ~ (10.1 $ ) [m.36m) + (123, sae) 


H 


I| 


747 45 
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*2.3% Both ends of the U-tube mercury ma- 
nometer of Fig. P231 are initially open to the 
atmosphere and under standard atmospheric 
pressure. When the valve at the top of the right 
leg is open the level of mercury below the valve 
is h;. After the valve is closed, air pressure is 


applied to the left leg. Determine the relationship 
between the differential reading on the manom- 
eter and the applied gage pressure, p,. Show on 
a plot how the differential reading varies with p, 
for h; = 25, 50, 75, and 100 mm over the range 
0 = p, = 300 kPa. Assume that the temperature 
of the trapped air remains constant. 





FIGURE P2.31 





W th The valie closed and a pressive, fo, applied, 
peA 
Or 
Aj: 45-5 fs 
due 


Wheve P ant Pp are gage pressures | for sSeTherma! 


com pression of tra pped air 
ai = Corns tant 


So Mat for constant air mass 
ai bY 


Where + us air volume , T ls absolute pressure, and t and T 
vefer to Initial and Prial shtes , respectively, Thus, 


Pen Y. = (ft La ) *z Ty 


for air Trapped in right leg v= A. (Area of tube ) so 7.1 
E4.(2) Ot be written as 
he 


hel ah | ( 3) 
L 


Substitute Ef. (3) um £$.0 


Lhe ig Lat Py, Á-; i-a) t) ZU (4) 
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(cont) 


Eguetion C+) Can be he form 


expressed in 
= P + fetes 2 A ke = 
Cak) lakt s "v T 
and the roots of Mis guadratic gua tion ave 


E ty + Atm 
LUE ( 4. t a 





Je evaluate Af The negative Sian tS used Since "LED for fa =O. 
Tabulated values sf OR for various Values of fa Gre given 

/n the following table or differen? values o£ ^; ( with P, =l k 
AnA dan = /33 £A /m 2) A plot of the olata fo ows. Atm 








hi patm — &hg p;  Ah(h, = 0) Ah(h=0.025) Ah(h=0.05) Ah(h=0.075) Ah(h=0.1) 
(m) (kPa) — (kN/m3) (kPa) (m) (m) (m) (m) (m) 
0.025 101 133 0 0 0 0 0 0 
0.05 101 133 30 0 0.0110 0.0212 0.0306 0.0394 
0.075 101 133 60 0 0.0182 0.0354 0.0517 0.0672 
0.1 101 133 90 0 0.0031 0.0454 0.0668 0.0874 
101 133 120 0 0.0068 0.0528 0.0781 0.1026 
101 133 150 0 0.0296 0.0585 0.0867 0.1143 
101 183 180 0 0.0318 0.0630 0.0936 0.1236 
101 133 210 0 0.0335 0.0666 0.0991 0.1312 
101 183 240 0 0.0850 0.0696 0.1037 0.1374 
101 133 270 0 0.0362 0.0721 0.1075 0.1426 
101 133 300 0 0.0372 0.0742 0.1108 0.1470 
0.16 poe 
h,= 0.10 | 
. NU 
0.12 =. oe) | | 
i n | LE 1| 
z n ut 
0.08 [e [dne h; = 0.050 
E apee | 





0.02 — 
h= 0 | 
' — 


2, #0 


2.40 The inverted U-tube manometer of Fig. 

P2.40 contains oil (SG = 0.9) and water as | 
shown. The pressure differential between pipes 

A and B, p, — pg, is —5 kPa. Determine the 

differential reading, h. 





BFIGURE P2. 40 


5 - Y, (aam) e (A) + X (03m) =4, 


Thus 
: (5-4) + mA (6,2) — She 0 (0,3) 
A = Yo; l 


5x10 Z, — (9.80x1 X No hai.) 


— = OQ, 44 4 m 
fas u”, E 


2-34 


: Carbon tetrachloride 
2.4! An inverted U-tube manometer con- | ps | 
taining oil (SG = 0.8) is located between two T 4 





reservoirs as shown in Fig. P2.41. The reservoir 

on the left, which contains carbon tetrachloride, 

is closed and pressurized to 8 psi. The reservoir 3 ft 
on the right contains water and is open to the 
atmosphere. With the given data, determine the 

depth of water, h, in the right reservoir. 


eot > i 
Ln BY) 


FIGURE P2. 


Let Ê be The am pressure in lett reservoir. Manometer egua bor 


Can 5e wW ri ten as 


$ + Gee, (3 Ft- Ift- f -0o ft) + oe (oTt) -Y (R-1fe- 14) =0 


3o That 
DE A s Pa t Xe, (0.3 4t) + Boss (0.744) 


Šuo 


(3. Jin ŽE ) +775 E) (0.3 ft) +6670 £)lotr) 


6Z, #4 ae 


+ 2ft 


l4 


+ 2ft 





Ji 


3 /.G ft 
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2.42 Determine the pressure of the water in pipe A shown in Fig. 
P2.42 if the gage pressure of the air in the tank is 2 psi. 





Water 
P- Ayh, -(09ha +ăyha =n m rioune uam y 


or 
PA - tbh, + 0,9 b, ha) 


2: LE +626 95 (~ H «09 (41) - IH) 
25h 








2-36 


2.43 


2.43 . [n Fig. P2.43 pipe A contains gasoline 
(SG = 0.7), pipe B contains oil (SG = 0.9), and 
the manometer fluid is mercury. Determine the 
new differential reading if the pressure in pipe A 
is decreased 25 kPa, and the pressure in pipe B 
remains constant. The initial differential reading 
is 0.30 m as shown. 





FIGURE P2.43 


for the Imi hal Con figuration . 
Pa + das (0.3m) - 5, (53) - Y; (0.44) * 4, (1) 


[jh a decrease (n Ê +o P Gage fluid levels Change s 
. A ,. i : 
Shown on Figure i Thus, for tinal Clow figuratiOn : 


Tat Gag (0-3-4) — bi (4h) ~X., (opta) = (2) 
Where all lengths are in m. Subtract Eg (2) trom E2.0) te 
Obtain, 

I 
hh dut) cA, loi ak) + Xiyla) =o z 
J/nce cà €. +4&4h= 43 (see figure) TRACK 
"T e 3-Ah 
az 


ana rom &g 63) 


A gs (52) - i fno) i (058) 
Thus, 
Ad e Pt Ogas (015) dys (0.3) + by (0.18) 
= Ugg fae Set 
and with fy -f = 258 Pe | 
4M - ut + (0,7)(7.31 A (0-6) - (133 aM Jlo Jo ) t (0,9N4.31% )fois) 


—/33 = 4 (0.7)G2) Pr) + CAPERE ) 
2 a 





T (QOO r^ 


2377 


2 u4 


2.44 The inclined differential manometer of 
Fig. P2.44 contains carbon tetrachloride. Initially 
the pressure differential between pipes A and B, 
which contain a brine (SG = 1.1), is zero as 
illustrated in the figure. It is desired that the ma- 
nometer give a differential reading of 12 in. (mea- 
sured along the inclined tube) for a pressure 
differential of 0.1 psi. Determine the required 
angle of inclination, 6. 





FIGURE P2.44 


When fo, =p iS increased to £f, the lett column falls a 
did GQ, and The right Column vises 2 distance b along 


The srnclined tube 4s Shoun in Agure. For This Anal len figuration 7 


X, hita) = eg (a rb sine) - ¥,, (A, buo). d 


h - £ + (d; - Xg, (2 +bshe)=o (1) 
The d:fferent/al reading Ah, a lens The tube js 
4h z 25 tb 


Thus, Lrom E7. 0) 
fy E (d, - ATA )(4 sin © ) 7e 
Or -(&'- f 


BE Us CIE AEG XA S 
i I / i [%,, - a. Ny \ (4h | 
and with P,-$,= 0,1 ps1 


Cc 
oe - (01 4, )(im 2 ^) 





dine ee ise epe = O, Hb 
lb bi fi 
ee Ah z [2 In. 
Thus, 


Ozs278 
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2.45 . Determine the new differential reading 
along the inclined leg of the mercury manometer 
of Fig. P2.45, if the pressure in pipe A is de- 
creased JO kPa and the pressure in pipe B remains 
unchanged. The fluid in A has a specific gravity 
of 0.9 and the fluid in B is water. 





FIGURE P2.45 


Fer the sinitio/ Con figura tion ^ 
f+ %,f0.1) + D (0.05 sin 30°) = Y, o (0.08) * f (1) 


where all /engths ave mm. Shen p decreases lett Column 


moves up C. distance, 2, qne vig» Column Moves down 
a distance A, QS shown in Figure. for the final Configuration 


B+ Y [o.l - à sin 30*) + 5, £ sin 30° + 0.06 sin 30° +a) — 
= (2. 
pum 0, (0.08 +a) p To i 
lo here $ 1s The new pressure in pipe A. 
Subtract E.) from Eg. (1) to obla 
^ -5 + % (4 si^ 30*) — f, ^ (sn 30°+1) + Yt) = 0 


Thu 
al s— 


V, $n 3 B° = Sig ( sin 36*«i) s A 
For b-h 10 kf 


ara AX 
ON. ———— — ———— 
(0,4)(4.81 9") (0,5) - (33 *% Vloses)+ 1.80% 


X e O5470 lyri 


New differential reading | Ah, measured along inclined tube is 
equ to 





= : + O, 05 + Q. 
A h Sin 30° 
w O, 
6,5 — PON" 
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of Fig. P2.46 as a result of an increase in pressure 


"^ remains constant. 


2.46 Determine the change in the elevation Water 
of the mercury in the left leg of the manometer 







of 5 psi in pipe A while the pressure in pipe B Area =A; ~> 


FIGURE P2.46 
fer the initial configuration ; 
zb (7) 


G .,: 2,0 a 
$; $ AA - Sin 7 sth 30°) - 6 Cx) 8 


where all Jengms are in Ft. When p, /ncveases do p, The 
left column Falls by The distance, a, and The right wlumn 


Moves up The chs tance , 5, as Shown in The Agure, for The 
tina! Configuration . 


( 


os: o 
fin ty, (Bra) (en aiso, b sinso) - 


bin (4-4 sin 30) = É 2) 
Subtract Eg. (1) from Eq 2) to obtain 


P, -h t Xo (a) = (4+bsin30°) + o | ( L si» 3o") =O (3) 
Since The volume of liquid must be eensdynt A,4 z A, b 
ar [4 in)? - (iin) t 
So That y es dis 
Thus, E4.(8) Can be written as 


$y - Py E UM la) » y, (a + Ya si 30^) T oj (ta Sih 30°) = 4 

ane E 
7 (ta -Pa ) —1[5 fe (me t 

Sno ~ hu (3) +h; (2) 62.4 2, - (847 jaa) ) (09462 ao) 


= 0.30" ft (down) 
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2.47 The U-shaped tube shown in Fig. P2.47 initially contains 
water only. A second liquid with specific weight, y, less than 
water is placed on top of the water with no mixing occurring. 
Can the height, ^, of the second liquid be adjusted so that the 
left and right levels are at the same height? Provide proof of 
your answer. 





BFIGURE P2.47 


The pressure aÈ Point (i) must be egual te 
the pressure at pPomttz) Since the pressures 


at e4ua| elevations in a Continuous mass 
of Fluid Must be The same, Since, 


TX 

ku 
These +wo pressures Can only be egaal vf 
y= Yuzo 0 Since YÉ My, the Con Ag uration 
Shown in The figure ls Not Possible, No. 


Qunk 
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*2,.48 An inverted hollow cylinder is pushed into the water as 
is shown in Fig. P2.48. Determine the distance, £, that the water 
rises in the cylinder as a function of the depth, d, of the lower 
edge of the cylinder. Plot the results for 0 S d s H, when H is 
equal to 1 m. Assume the temperature of the air within the cylin- 
der remains constant. 





BFIGURE P2.48 


For constant temperature Campressien within the Cylinder, 
tuc n 
where l^ 4 the aw volume , 4nd c dnd f refer +e she 


late! ana Final States, respectively . I+ follows that 
(see Agure) 


ee Rs, Bold- + Rehm 
Y= GOH ig =F D*(# -2) 
Th M5, Prom E4. (I) 
b, (Eon) = (Y(4-4) +4, ) ZÈ C-A) (2 ) 


Ana with "T 
f^ loi kPa, FF 7.805 , and H = lm 


3.02) simplifies de 
0*~ Cadtin.3))L + d (im) =o 
So that ( using The Quadratic Jormu Ja. ) 


fe Aanu) E yaymada. 


2 
Synce Lor A=0, Lao The negative Sign should be 
Used dna 


4 = (&+131) -| d?418.b1 d +128 
Z e 


Tabulaled dada (ih the Corresponding plot are 
Shown on he following Page. 


(Con £) 
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Water rise, Í (m) 


(lont ? 


0.000 


Depth, d (m) 


0.000 
0.100 
0.200 
0.300 
0.400 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 


0.200 


0.007 
0.016 
0.024 
0.033 
0.041 
0.049 
0.057 
0.065 
0.073 
0.080 


0.400 
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Water rise, t, (m) 


0.600 
Depth, d (m) 


0.800 





1.000 
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*2.50 A Bourdon gage (see Fig, 2.13 and Video V2.3) is 
often used to measure pressure. One way to calibrate this type 
of gage is to use the arangement shown in Fig. P2.50a. The 
container is filled with a liquid and a weight, *W, placed on one 
side with the gage on the other side. The weight acting on the 
liquid through a 0.4-in.-diameter opening creates a pressure that 
is transmitted to the gage. This arrangement, with a series of 
weights, can be used to determine what a change in the dial 
movement, 0, in Fig. P2.50b. corresponds to in terms of a 
change in pressure. For a particular gage, some data are given 
below. Based on a plot of these data, deter mine the relationship 
between @ and the pressure, p, where p is measured in psi? 


Wwb) | o | 1.04 | 2.00 | 3.23 | 4.05 | 5.24 | 6.31 
“O (deg) | 0 | 20 | 40 | 60 | 80 


100 | 120 


DW Cle) 


S 


= 
= 





-P 


Area 


Frem Graph 








x (0.4 jn. 


Bourdon Gage 


K FIGURE P2.50 


m TE wp Cb) (1) 


(where DP Is in pst) 


2) 70.0522 Ó 


So That Pom Eg. U) 
T (p) 











& 10.0522 © 
7.96 
ana 
bl ps’) = 0.4/4 C 
Theta, deg. W, Ib 

0 0.00 | 
20 1.04 8.00 W = 0.0522 © 
40 2.00 - 

60 3.23 B 

80 4.05 2 

100 5.24 s 

120 6.31 





50 
Theta, degrees 


100 150 
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2.51 You partially fill a glass with water, place an index card Car d 
on top of the glass, and then turn the glass upside down while £f 
holding the card in place. You can then remove your hand from 

the card and the card remains in place, holding the water in the 
glass. Explain how this works. 





In order to hold the index card. in place when the 
glass is inverted the pressure at the card-water u.a ee 
interface , ,, must be f A=W where Ais The upright 
areq of the glass opening and Wis the card weight 
Thus, P, =-W/A . Hence, f2= £3 -ëh or 
Pa = -WA -ëA (gage). 


Since the amount of air in the glass remains. The 
same when il is inverted 


QAM, = G AH. , where u and í subscripts 
refer to the uptight and inverted conditions. Thus p 
: inverled 
wW H= fy he Bat 7 eKT so thal 


b) t eres = De provided the temp erature 





remains constant * Ty = Ta. Moie : Since we are Using the pertect gas law 


the PPeESSUL ES myst be absolve — fu = Paim ; f; = f< -W/A-ëh + al 
Hence, from Eqs. (1) and (2) 


(3) H, “( 2.) Hy That is, when the glass is inverted the column 
aa | of air inside expans slightly, cavsing a small 
gap of size AH between the lip is the glass 
and the index card. From Eg. (3) this AH is 


Palm 
Paim -WA -Öh ) My — Hu = Ic kj hy 
Tf this gap is “large enough" the water wovld flow outof +he glass and ar ito i 
IF i is'small enovgh |surface tension will allow the slight pressure difference 
across the air-water interface Lie., p, =- WA) needed to prevent flow and 
thus keep the index card in place. Recall from Equation (1.21) in Section 1.9 


(4) AH= Hy-H, =( 


(con't) 


2-^ 5 


(con't) 


that the pressure diffenence across an intertace is 
proportid nal to the surface tension of the ligvid ) U 
and the radivs of curvature, R, of the intertace. 
That I5, f^ T/R 

Thus, for small enovgh gap „ah, which gives a sall 
enoigh interface radius of curvalute, R surface 
Jensen is large epevgh To Kotp the water trom 
flowing and the index card remains in place. 


Consider come typical numbers to obtain an 
approximation of the gap prodvced. 





Assume h=3in.=0.25H, H=2in,=9./874 thy, =/47 psig, 
and W/A <<th. That /S, Hho wergh} of the card is mych fess than 
the weight of the water in the glass (i.e, W<<¥Ah). 

Hence, from Eg, (#): 


aH =f- Yh "n -| 62,445. (0.25 P) 


foim -fh (H2 25 (HI) =e, 7p, ( Y (0/6711) 
or 


DH = 0.00024 f! = 0.0/49 in 


This is apparently a small enough gap to allow surface tension to keep the 
water in the glass, qir ovtot it, and the pressure at the wafer - cand 
interface low enough lo keep the card in place. 


2-H6 
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2.52 A piston having a cross-sectional area of 
0.07 m? is located in a cylinder containing water 
as shown in Fig. P2.52. An open U-tube manom- 
eter is connected to the cylinder as shown. For 
h, = 60 mm and hk = 100 mn, what is the value 
of the applied force, P, acting on the piston? The 
weight of the piston is negligible. 





FIGURE P2. 52 


For egui librium J F= » A, Where , is the pressure acting 
on piston Gd A, ss The area of The piston. Also, 


peð %4 -¥ # =o 


or 


= (133 EY )( 0, 100m) - (1.902% )(0, 060m) 


m ? 


= /2.7 RM 
1 2 





Thu 
7 P= [12.7 X e^ S. )( 4. o7 m?) = gg? NW 


NO 
í 
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| 9.53 
| 2.53 A 6-in- diameter piston is located within a cylinder 
| which is connected to a 3-in.-diameter inclined-tube manometer 
| as shown in Fig. P2.53. The fluid in the cylinde; and the ma- 

nometer is oil (specific weight = 59 Ib/ft?). When a weight W 
is placed on the top of the cylinder the fluid level in the ma- | 
nometer tube rises from point (1) to (2). How heavy is the 
weight? Assume that the change in position of the piston is 
negligible. 


| 





u FIGURE P2.53 


With Piston alone let pressure on face of piston = Po z and 
Manometer eguation becemes 


9, - oy Á Sin 30° =o (1) 
with weight Added pressure 7, Jucvreasés Jo A where 
w 
Bie Bt Go (Apn area of piston) 
a ^ et menemezer Lg uation becom es 
6 r o x 
5-5, (4,+ 3) sin 30 =o ^ 


Subtract Eg (1) trom ail +o obtain 


&-5-5, 


$ ^ E fz) 5/4 Jo’ 


* 






| 7 ML e E (i f)sm in 
? 
So That- 
= (59 4 Z, (£ Alos) 
Q n cl 


“= 2.40 lb 
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2.54 Acircular 2-m-diameter gate is located on the sloping side 
of a swimming pool. The side of the pool is oriented 60^ relative 
to the horizontal bottom, and the center of the gate is located 
3 m below the water surface. Determine the magnitude of the 
water force acting on the gate and the point through which it 
acts. 





Fe 7 pul * YA, where hi 3m 








I 
Fe =(9.8 £E) (3m) (Z l2m) = 942 kN 
Also, 
Ya-Ye = 75 where for a circle lya? TR Plim- En” 

and cos 30 = he $0 that 

a he _ 3m h 
Xt So u^ oc 376m "IA ke 
Hence, 
n = Íxc T m 

Ve- Ye ZFA ra = 0,0723m 


(346m) T(m? 


Thus, the resultant force acts normal to the gate and 
0.0723 m from the centroid, along the gate. 
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2.55 A vertical rectangular gate is 8 ft wide 
and 10 ft long and weighs 6000 Ib. The gate slides 
in vertical slots-in the side of a reservoir contain- 
ing water. The coefficient of friction between the 
slots and the gate is 0.03. Determine the mini- 
mum vertical force required to lift the gate when 
the water level is 4 ft above the top edge of the 
gate. 


Fe= YALA 
(62.4 2, \(are)(e tt «10 #) 


34, 400 Ib 


T 


i 


PS 


he Jonte ] 


T hus 
? N= Fe = 39, 20o |L 


Z Fverlical =o 
Thus 


) 


E s (eoo lb + (0.03)(34 450 lb) 


= 72oo |b 
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|, (0.03N) = 


ee 


FR 


booo ib 


E. ^ Maximum 
frictional force 


Fa force to lift gate 





2.56 A horizontal 2-m-diameter conduit is 

half filled with a liquid (SG = 1.6) and is capped 

at both ends with plane vertical surf aces. The air 

pressure in the conduit above the liquid surf ace 

is 200 kPa. Determine the resultant force of the Á, ~ area of 
: l 

fluid acting on one of the end caps, and locate Pire 

this force relative to the bottom of the conduit. = 







Fa ir 


Fresultant E 

d. luguid 
EN 7 
o ^ 

A, Area 


i 7 Covered by liguid 
= pA, where p t's air pressuve 


hs” 
Fair = (200 x10 z CE) (ae) = Joo T": N 
= YA. A. Where ek * +R EP Fig, 41g e) 


Pis , 31T 
Thus gue 


» 3 WV (lm) 3 
Fui = (1.L)( 9.81 x10 25 | t TNE lam) = (0,5 x10" N 
for Fi 











quia T 
AR 7e d d. ` Where Fa =z 0.1048 R (see D 2418c) 
am d 4.7 = f. 
n 

Thus, " 

gu ete fe E the = 0,584 om 

(‘tLe ) (Elam) 
3 

Since P esaliaad = PA 4 ‘pds = (Qoom + 10.5 )xI0N = b37 kN 


we Can sum moments abeut O d» locate vesultant 4o obtain 


F resullant (d) = Eis (im) T F [ Lun 5 8L EPA) 


liqui 
so thet 
639 x 109 N 


= 0.990 m  abeve botom of conduit 
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2.57 


(3) 


(I) 


(2) 








2.57 Forms used to make a concrete basement wall are shown in 
Fig. P2.57. Each 4-ft-long form is held together by four ties—two 
at the top and two at the bottom as indicated. Determine the tension 


in the upper and lower ties. Assume concrete acts as a fluid with 
a weight of 150 lb/ft’. 


Concrete 


Form 


2. F, 0, or f+ =F, EFIGURE P2.57 

and 

zo or LL EE = bp Fr, where I, * 4, - dh. A 
Thus 


a= [504m (5H) (10H MAH) = 30 000 ll 
Also, 3 
fk * 00 — Ya 7 Jof - yc - (yg- y, ) «10 - A, - Z4 
Soh > ott ACEC OHS T 

& f (/0f1) (f) 
jr - 511 -/42fl 
4, = 3.33 Tt 
Thus, from £o. (2): 
(9 fl) F, * (1f) E, = (3.33 ff) (30, 00016) = 99.900 ft-lb 


or 
7t, ths = 94 200 

From Eq 0), Ft Fa e 30000 |]. op E, - 32020 - F, 

Thus, from £ 9. (3), 

7 F, +30000-F =99 900 


on 
F.=8 747016 so that E, = 30 000/b -§ 7¥0/b -2/ 24705 
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2.58 A structure is attached to the ocean floor as shown in Fig. == 
P2.58. A 2-m-diameter hatch is located in an inclined wall and. ` 
hinged on one edge. Determine the minimum air pressure, p, T aia 


within the container to open the hatch. Neglect the weight of the 10m 
hatch and friction in the hinge. i 


Free surface 


Se CAE EE CRE TREAT TE RE ae E 











Hatch 


W FIGURE P2.58 


for AA where dom los t 4 (2m) 51030" 








— Jo,5m e h 
Thus, : 
d N : 
£e (40./ X10 Ld )(to o E) us) [A 
= 5 33x10° HW 
is locate Fp, 
7 = Lc + Ye td here r e + lam = Zim 
R "A C Sin 30° 
Jo 


Tet 
L^ s (F Yim) f 
(21 am Nit) lan) * 
Fer equilibrium, 
Z M,-o 
Jo That 
f (Ad. B12 m= 26 an) = £0 m) (lan) 
pz (3.33 X107 w )( 1.012 m) 
o JT (lan)* Clan) 


+ Zlm = &/.0/2 m 


Qna 


— /07-. [là 
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2.59 Along, vertical wall separates seawater 
from freshwater. If the seawater stands at a depth 
of 7 m, what depth of freshwater is required to 
give a zero resultant force on the wall? When the 
resultant force is zero will the moment due to the 
fluid forces be zero? Explain. 


For a ?)4ro resultant force 
Fes = Fee 


f i. As : Y: fae A, 
Thus, for a unit length of wall 
© 
(10.1 BX) (LEY (tn ue) e (o (e (ere) 


o 





m 


o at 
“> 3 s "Ls 


In ovder for moment to be Jao, E. and Fee must be collinear. 


For Fps: Exc x5 (Iai) Tom)” - 





v 
e|- 
3 
t} 


Similarls for Fre ' 


= (1m) (7.1m). 


és (225 9) (i tom) 





pl: 


Thus, The  distunte to Le; trom te bottom TT o) IS 
bor ee This Ais tance “S$ 


Tm—-&b7am TF 233m, 
forces are nor Callnear. No, 


Shine hee = SEX s THE 


2h 


2.60 | 


— sea icici acces, aaa gei 
2.60 A pump supplies water under pressure to a large tank as I 
shown in Fig. P2.60. The circular-plate valve fitted in the short f. y 
discharge pipe on the tank pivots about its diameter A—A and is 


held shut against the water pressure by a latch at B. Show that the 
force on the latch is independent of the supply pressure, p, and the 


Supply 
height of the tank, h. 


= 


Water 





The pressure on the ale is the same 
asit would be foran open rank with a 
depth of 


h pth I 


as shown in the figure, k= 


h, 
2, =0, or ie 


tes | pte Fp 
0 — (ye) Fp =R Fg Ne 
— F, 
where 
Fp = fal = Sh(mR*) = (pth) (TR?) 
and ; T R* . 


2) Yeh V8 * oem ec Imoo 
EU ee (E48) aR? 7 os (8 th) 


Ü 
Thus, from Éas. C) and (2) 


F = YR y A F = R T 2 
B R R 4. fe th) (Ptih) ( R ) 
of 


Fg -YZR „which is independent of both p and h. 


2.6! A homogeneous, 4-ft-wide, 8-ft-long rectangular gate 
weighing 800 Ib is held in place by a horizontal flexible cable 
as shown in Fig. P2.61 Water acts against the gate which is 
hinged at point A. Friction in the hinge is negligible. Determine 
the tension in the cable. 





RSYLA ue. hr CE] si to 





- 
77 y Arc fE sinbo Nites 4 ft) 
= 3390 h 
/o locate Fre , 
Lre 
Tp = P t j, w here 4 = sft 
So That 


L GUMY 

AP er 3£4 7 45 f 
(3 Fe (6K HA) 

For egqulibrum, 


2 My = 0 
and 


T OAXsinbo) = QW (464 tosbot) + E (24) 
(300 Ib) (442) (tos b^). G 890 1b) (2 4) 


E (8 Ft Cup tr) 
= /350 /L 


243 | 


2.63 An area in the form of an isosceles tri- 

angle with a base width of 6 ft and an altitude of 
8 ft lies in the plane forming one wall of a tank 

which contains a liquid having a specific weight 

of 79.8 lb/ft’. The side slopes upward making an 

angle of 60° with the horizontal. The base of the 

triangle is horizontal and the vertex is above the 
base. Determine the resultant force the fluid ex- | 
erts on the area when the fluid depth is 20 ft above 
the base of the triangular area. Show, with the 

aid of a sketch. where the center of pressure is 

located. 


Je (#2 x J^ “AA 
= 20.43 f 
Center of 


fe i fFe sin bo pressure 
Fg * oA, A = (79.8 daos Et) sin bo (+ (ott « eft) 








= 53 Goo Ib 
| ; £ "a 3 
AR R 4 : T "t Where dis x + (2734273 
C 
in i lnO 


+ doy3 ft = Joe fi 





AA 
T 


(20,43 4£)(4)(6 ftx8f) 


The force Fe, acts Through The center of pressure which 
is located a distance of eo 4 - 20,6 f4 = Zug ft 





51 60° 
above The base f he triqngle as Shown n sketch. 
See o EE LUL EM Ee E Ee 
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EXI 


2.6% Solve Problem 2.63if the isosceles triangle is replaced 
with a right triangle having the same base width and altitude as 
the isosceles triangle. 


Fk = 33 900 Ib 
y'= 249 £4 


uo solution fe 
Pwoblem 2,63 ) 





Pressure 


. o X6 
A WR (E3. 2.20) 
where 2 2 
L ye e ees Fe = 32 fee f see Fig. 2)p d ) 
A nN d dos 40,03 ft F see solution ty Problem 2.63) 


Thas, 32 ft" 


duc X. os ee at e = 
R (40.43 ft (i)e ttre) a LOCARE 


The force Fe, atts Through The center of pressure witu 


/ 


Coordinates X n 2,07 ft and oF 1.49 Ft (see sketch ) | 
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2.65 A vertical plane area having the shape j sieur m—^4 
shown in Fig. P2.65is immersed in an oil bath Wi" atid " 


(specific weight = 8.75 KN/m*). Determine the 
magnitude of the resultant force acting on one 
side of the area as a result of the oil. 














i 
: HB 

$ III 

Hil 

Hin: 

i iitiilt 

dieti 

TEM 

i21 

i 


1 
i D 
- ct 
3Oil : 
: 
33 sat 
^ it "Rt T. 
SUITE iini SERES 
$332 fri IS "2 WI i 
E 
d: 






^ 

in 

3 
IT94944 
EIS 
nuu H 


disk 


FIGURE P2.65 


te pH beasties ` T Sess zx 
HURST tie HS 


Break Grea into two parts as shown ta tigure. 
For areal. 


= rte, A 


= (ours 4) 48 )(tm sum) =280 4 


m? 


cy) 
EI 


For area. 2 


rhe Az 
(3.95 S5. )( ce 2) n) = (3,3-ÀN 


m 
N 


xn 
Hu 
n! 

xl 


IOAN + 9334M - 373-ÀN 


2754 
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| 2. 66 A 3-m-wide, 8-m-high rectangular gate is located at the 
, end of a rectangular passage that is connected to a large open 
tank filled with water as shown in Fig. P2.66. The gate is 
hinged at its bottom and held closed by a horizontal force, Fy, 
located at the center of the gate. The maximum value for 
F,, is 3500 KN. (a) Determine the maximum water depth, A, 
above the center of the gate that can exist without the gate 
Opening. (b) Is the answer the same if the gate is hinged at the 
top? Explain your answer. 


BFIGURE P2.66 


e gate hinged at bottom 
LM, =O 
So That 
(Hm ) Fia = A Fre ER P] (1) 











Que 
Fp= ohh - (39055. )(&) (5m1 8m) h 
= (9.90 X24 )&W y Vx 
ae " i ™ 
de" = T = à Ce Yo.) 4h A3 h+4 —4e 


4 (Im X Fan ) 
= DoS 
IP 4 A 


Thus 
) 33 / 5.33 
Lim) - 4 t £ 1 ) Ex 4 — "UA 


And trom ll 


(4m) (8500 4N) = (4- $:25 (4.30 x 14)0.) AN 


2o that 
A, A m 


(con t ) 
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2.66 


( Cont) 


For gate hinged at top 


2 My 6 hs 
Se That 3 fr Hy 
(44) E, = 1, f (see Ligure ) (1) £, 
L) he re E Fh 
fs Yp- nz FE £4.) - (9) 

2 a +4 DEL 


Thus, From Eg, (1) 


(Ym) l35004N) = ($33 44)/9.90x24) 4) AN 


and 
4, = 13.5 rm 


Maximum depth tor gate Aingea at Top is 
less then ‘maximum depth for gate hingea at 
bo Hom. 


e. DT 


2.57 A gate having the cross section shown 
in Fig. P2.67 closes an opening 5 ft wide and 4 ft 
hich in a water reservoir. The gate weighs 500 Ib 
and its center of gravity ts 1 ft to the left of AC 
and 2 f t above BC. Determine the horizontal re- 
action that is developed on the gate at C. 


F2 y s, À, Where Aes = 844724 
Thus, 
=(b2,4 E )( («£s t x Sft) 
= 15,600 Ib 


Sn 


To locate F; } 





hy: 
5 “A, E de 
cili 
where quo t pasty sizot 
5 
So That ; i 3 
g = 7a (SEN SFE) eas ft + 12.67 FE 
(1a. 5 ft MSFEK Sft) 
Also, 
ps $4 Where B= de ( 2 tt ttf) 
So that 
Fa b, o (12 ft) (A, ) z (02,4 28, Viz te) (3 x5) = |[, 230 lL 


For eguili briam , 
kal M, =o 
and p fy- B) whit) - E(t) - R Ot 


5 
jo That 
757 /b Y 72. 61 46 - Jott) + (S00 It ) li Ft) -41,230 KÈ FE) EN 
- = D 


C 4 f —- 
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2.63 The massless, 4-ft-wide gate shown in Fig. P2.68 piv- 
ots about the frictionless hinge O. It is held in place by the 2000 
lb counterweight, W. Determine the water depth, A. 






Pivot O —- W 
Width = 4 ft 





fa" Yh A bdie h, 7 3 
Thus 
2 h : 
E= " 2 (h xh) 

E m b (een) 
T locale Fe, Ll bald 

d Gs = $2 
Je LA tI z (tg) 


. 2 
E D. 





eh 
2 








Fr egil briim, 


Z M, =? 
5 d = WIZA) wher : d eh d. i 
So that 


PD LT ae 
i (Yy 5 26 ££) 


Thus, 


a (3(20ec0 /b ) (3 #4) 
| (bzu b YEA) 


1 5. 2u44 
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*2.69 <A 200-Ib homogeneous gate of 10-ft. 
width and 5-ft length is hinged at point A and 
held in place by a 12-ft-long brace as shown in 
Fig. P2.69. As the bottom of the brace is moved 
to the right, the water level remains at the top of 
the gate. The line of action of the force that the 
brace exerts on the gate is along the brace. (a) 
Plot the magnitude of the force exerted on the 
gate by the brace as a function of the angle of 
the gate, 6, for 0 = 0 <= 90°. (b) Repeat the 
calculations for the case in which the weight of! 
the gate is negligible. Comment on the results as 
0 — 0. 


a) For [he free- body - diagram of The 
gate (see fure), 





ES " w (4 lose) = (F; Cos 6)(Lsir 6) t fF sind) Deos 6) (1) 


Á si4O -— L sin $  ( assumng hinge and end of 


brace 


ZF, =o 
So That 
Also, 
or i 
S/h p= 4 5/5 8 
ena 


at sume eleva pon) 


E-yhA- Y Cir )(gu) 


where w its The gate widTh Thus, Eg. (1) Can be wr, Hex as 


ð 
¥ (Z Ysin 6) ur + MA cose = F A CTETIE. $ Cos 6) 


So That 


2 





B 
Cos d S/2 8 + Sing Cos O 


Ez ( X4 e] sine + W eos © ] ( ££) us t w 





tosd tan O + Sind 


For Y*62.& l//ft), L=5¢t, w=10ft and W = 200/6, 


p. NSH (ot ang p zgh 


6B m OLÁ 
Cosh tanO tsing 


(cont) 
2 6 


lboo fan8 +100 
Cos d tanb + sag 


(2) 


(3) 


(Con't ) 


Since Sin g p Sin ê GHA £z Sft, L=/2 ft 


and for å gwin © J Gn be determined. Thus, E3.) 
Cyn be ased do determine 7 Zr d given e. 


(L) For VW/20, £3.13) reduces te 


Cosd fond + sing 


ana £314) can be used +o determine Fg fr a 
given &. Tabu lated data of Fz vs. Ó tor 


bin 7) -2eo0lb 4»4 QUsQlb are given ehem. 


9, deg Fa, Ib (W 2200 Ib) Fẹ, lb (W = 0 Ib) 


90.0 2843 2843 
85.0 2745 2736 
80.0 2651 2633 
75.0 2563 ^ A 2536 
70.0 2480 2445 
65.0 2403 2360 
60.0 2332 2282 
95.0 2269 2210 
50.0 2213 2144 
45.0 2165 2085 
40.0 2125 2032 
35.0 2094 1985 
30.0 2075 1945 
25.0 2069 1911 
20.0 2083 1884 
15.0 2130 1863 
10.0 2250 1847 
5.0 2646 1838 
2.0 3858 1836 


/+ plot of The data ıs Given on The 
following page. 


(Lon "7" 
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CCont ) 

ABD o 1 — a 
4000 
3500 
3000 | 
2500 + 
2000 q 
1500 
1000 
900 + 


0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 9n 
Theta, deg 





Force, Ib 








(b) Cont? 


As OO Me Value of 2 Cay be determined trom £3.0 ), 
2600 C4»0 
Cos d tan 6 tsing 


a 


Since 
Sind = £ sin 


AT follows Mat 


tos p= V t= sink - V1- (E)ainb 


and There bre 


Qo sls 2600 


B Ji- Gane ET c Å a — 
1- &) 5/8 Hand t 2 sing ji- E)n? 944 Stas 2 


Thus as 0o 





f o : Z6oo m ms | tS AL 


B ja 
/2 


Fhqsicallg This result IN CANS nat far 6= Ô, The value of f 


LS Seila, but for any Very Smell ” Velue of 5 P. 
wy// approach IS 40 /b. 


2.70 


2.70 | Anopen tank has a vertical partition and on one side 
contains gasoline with a density p — 700 kg/m? at a depth of 
4 m, as shown in Fig. P2.70.A rectangular gate that is 4 m high 
and 2 m wide and hinged at one end is located in the partition. 
Water is slowly added to the empty side of the tank. At what 
depth, ^, will the gate start to open? 





m CIGUR E P2.70 


p T 5 hes à, | 
w herve 4 refers +o gasoline . 


y ("Foo A4. (231 (2o) (s 2m) 
lio xi N - [(O0 RN 
Fe. m D Ae, P ur 
where w refers to water. 

3N\(h x 
Fk, = (2.80% 10% \( 4) (2m xh} 
where h is depth of water. 
Fe = (9.80 x10) A? 
For equilibrium : 

Z. I 7e 
Se Tma t 

= al 

Fe Aw = Fg, As w i tn nmt Gna Rog 
Thus, (4.80x 10°) (W)(4) = Gionlow) C4 m) 


And hz 3.55 am 
Which ts The limiting value for h. 





n 
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2.71 


2.71 A 4-ft by 3-ft massless rectangular gate is used to close 
the end of the water tank shown in Fig. P2.74. A 200 1b weight 
attached to the aim of the gate at a distance ¢ from the friction- 
less hinge is just sufficient to keep the gate closed when the 
water depth is 2 tt, that is, when the water fills the semicircular 
lower portion of the tank. If the water were deeper the gate 
would open. Determine the distance £. 





B FIGURE P2.7I 


Fp > rh. A lv heve h,= 45 ( See Fig. 2.18) 
ar 


o C38) CE) 
eel tee) rin 


s £55 [L 
To loc ate FR, 


e Cre + 4. 





Ye A 
— O©.1098 Rt E GR [ee Fig. 2.12) Lt 
ier) 7" 
s (6.1088) (2 £e) , +2) e pue f 
4 (2# LH) Gs m t 3T 
"o 


Foy apis 


2. P4 u =O 
So that 
Yoo = Fe (1 $e + YR) 
ane tia tage). 2 2,43 4 
Z00 lb 


2-68 





ML — tee See -—-rt-1 


Mu e 
2.72 A rectangular gate that is 2 m wide is | Water LL 


located in the vertical wall of a tank containing 


water as shown in Fig. P2.72. It isdesiredto have 
the gate open automatically when the depth of T 


water above the top of the gate reaches 10 m. (a) d 
At what distance. d, should the frictionless hor- anc " | 
izontal shaft be located? (b) What ts the magni- ^ 
tude of the force on the gate when tt opens? | ^ 


FIGURE P2.72 


(4) HAs depth increases the center of pressure moves toward the centroid 
of the gate. [Tf we locate hinge at Yp when depth=lomrd , 
the gate twill open automatically for any further snerease in depth. 


HA ( 12 m ) om X 4m ) 
Then 
d = de [Om = JdA.llm - lOm = Q2,.[l em 


(h) For the depth shown 


a yh. A = (7.80 4” Jfa m) (am x aw ) = 94] RN 
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2.73  Athin4-ft-wide, right-angle gate with negligible mass 
is free to pivot about a frictionless hinge at point O, as shown 
in Fig. P273. The horizontal portion of the gate covers a 1-ft- 
diameter drain pipe which contains air at atmospheric pressure. 
Determine the minimum water depth, h, at which the gate will 
pivot to allow water to flow into the pipe. 


For egui li brium 


Width = 4 ft 


Right-angle gate 


Hinge 





Z M, 7e ie 
— 
Fx 4 =| te athe 1) ^ FR, 
i l 2 E e 
Fg Y he A, . a 
(02,4 (A) (44 zh) - 


H 


[25 


bop the force on tne horizontal portion oF te gale 
(whch is balanced by pressure on botn sides except 
for The area of the pipe) 


Bee h(E) = nu ET) 


ene enl; 
Thus, fram Eq.U) wrfn £24 ana fo 34 


Gzs h(E) = 410 h) (34) 
h= |. 98 fi 
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2.744 An open rectangular tank is 2 m wide 
and 4 m long. The tank contains water to a depth 
of 2 m and oil (SG = 0.8) on top of the water 
to a depth of 1 m. Determine the magnitude and 
location of the resultant fluid force acting on one 
end of the tank. 





Use the concept of The pressure , fh = im 
prisem (sec Figure) , T 
Fer? Sy fe, A, di 
so That Fea 
a ( o. LAT BEM m m e) n e. l 
= 71.85 AN iaie a E ka 


fka" $^. Where P Is pressure at depth A, . Thus, 


Fa (Xy A) pe) «Co g)ssi ES im) amare) = 314 aN 
Aso, 
LT / Aez A, So That 


H20 


Pas = Yigg (OWA aw) = (4.90 2 Y ze) 7 39.3 hw 


t Fe, they = 7.854N + SHAN + 39.2 AN = 7E SÀN 


fz 
To locate E Sum moments around 444s Through ð, 50 That 


Fg d, 7 Fu d, * gud, t fg, da (n 


where J, 1s distance to Fr: Jince Fai) Iri and Fa, act Through 
The centro:ds of Their respect ve pressure prisms it follows That 


d) = $ (Im) 


and fron E20) 
(7. 254 w lS 1o.) - (3). AM (2m) + (39.2 &w )( 1o + T) 


2 = = 2 
) d, = Im + lm Am) dy > Ím t$ (am) 


d = 
78.95 kN 
= 2.03 ^m (below oil free Surface ) 


2~7l 


el = mee L- oo 


(Cont) 











42.75 — An open rectangular settling tank contains a liquid 20 12.3 
suspension that at a given time has a specific weight that varies 24 12.7 
approximately with depth according to the following data: 2.8 12.9 
22 13.0 
h (m) Y (kN/m°) SACLE ETS Te 
0 10.0 

0.4 10.1 The depth h = 0 corresponds to the free surface. B y means 

0.8 10.2 of numerical integration, determine the magnitude and lo- 

1.2 10.6 cation of the resultant force that the liquid suspension ex- 

1.6 11.3 erts on a vertical wall of the tank that is 6 m wide. The depth 


of fluid in the tank is 3.6 m. 


The mag nitude of The Plaid fce fp, 
Can be oun by Summing The db Balad 


fo vees actig on The horryoatel strip shown 
^4 The ura thas, 


Re pope (1) 


where P s The pressure at depth d. 
To fmd p we use Go. 2.4 


se a 
Gnd toy th da: E 


^) [rak clt 





Equation C2) Can be lateg vated dnte lis USING The 
i E d 
Trapez oi dal rule, ee Is e EG so We - X8) 


Where ef e Ó xc d and n= zoe dt of dada points 
The pressure distribution 1s given below, 


h,m y, KN/m^3 Pressure, kPa 


0 10.0 0 
0.4 10.1 4.02 
0.8 10.2 8.08 
1.2 10.6 12.24 
1.6 11.9 16.62 
2.0 12.3 21.34 
2.4 12.7 26.34 
2.8 12-9 31.46 
3.2 13.0 36.64 
3.6 13.1 41.86 ] 





tere 


( Con t ) 


E guation //) Cam wow be tate yated numerically 
sip Tne Tra pe 20: dal Kaule with g~ P and Sage, ooh 

A | Jue of The ategral is "7l 07 EN. 
The approx imate Valu rf) ee 


Thus, with tH 
[pa - 7/07 kM 
ò MH 
Fe 7722772 2 = ¥26 &N 


T Joe fo Sum moments about axıs formed by Intersection of 
vertical wall and Hard surface, Taus 


H 
g4,* LE pud (3) 
f / of 
7 he integrand, hp, Can Now be determined an 
/S Cabulated belo. 


h, m Pressure, kPa h *p, kN/m 


0 0 0.00 
0.4 4.02 1.61 
0.8 8.08 6.46 
Tad 12.24 14.69 
1.6 16.62 26.99 
2.0 21.34 42.68 
2.4 26.34 63.22 
2.8 31.46 88.09 
3.2 36.64 117.25 
3.6 41.86 150.70 


(3) Can new be inte grated numeri calls 


ation | 
y 4 tne trapezoidal rule with tjv hp - a 
Th zm q p proximate Value ef The integral Is TS N. 
N Z 
Thas, wit Shpat = [7*9 4 M 
O 
i} follows trom E3, (3) That 
^ 
4 b J tp ah 65 )/17* 4 44) uu 
2 OU Em 9. TIMELINE , M 
^ Fe u26 kN 


The vesultant force acts 246m below Flad Surface. 
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2.76 | The closed vessel of Fig. P2.76 contains 
water with an air pressure of 10 psi at the water 
surface. One side of the vessel contains a spout 
that is closed by a 6-in. -diameter circular gate that 
is hinged along one side as illustrated. The hor- 
izontal axis of the hinge is located 10 ft below the 
water surface. Determine the minimum torque 
that must be applied at the hinge to hold the gate 
shut. Neglect the weight of the gate and friction 
at the hinge. 


6-in. diameter 
gate 





À 
S 
NÑ 


Ñ 


——— ^M 
—— — N 
Y ti 
let E~ isie due to air loft M A "s 
pressure, ann A~ Jarse Jue 4 y Lo H. uaP 
fo hydrss ta ti [Préssuve distri bution 3 js 
C (+) ra ft 
OF water. | 
| f 
Thus , 


e 


tA lo dem EDT Ray —— ^ 3h 


= 283 IL 
Gel 


" 4 A Where he? lo ft + + g yt) se | = lois #t 
so that 


F = (62.4 2 L Joste lh fe) = 12% jb 





Alsos n- Ta eS ae 
dra = "A r4 where Y, = 2 + =- (£+ £t) 2 16,32 ft 
So that 
OG) e) 4 (6.92 ft = 1b.52ft 

^2 — (f. 42 (ES e^ 
For equilibrium, 

2: Me 
"" ek) Rs Sf 
pr 


c =- (283 bZ fe) + /124 le )(16. 12 ft — e) = /02 ft-lb 
4 
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2.77 A 4-ft-tall, 8-in.-wide concrete (150 lb/ft) retaining wall is 
built as shown in Fig. P2.77. During a heavy rain, water fills the 
Space between the wall and the earth behind it to a depth A. Deter- 
mine the maximum depth of water possible withoutthe wall tipping 
over. The wall simply rests on the ground without being anchored 
to it. 





BFIGURE P2.77 


For equilibniym, 
7. M, =0 or 

(LE, =(4in) W, where with L= wall length 
Wf reis V = (15043) (ZHAN) L =400L IL 


an 


Fo = f, nz Sh, A =(62.442,) (2) \Lh= 3,2Lh* 
Also, 





^ z (e Y) 7 - AG 
h ELK p AL 
tke 717973 
M Eg (I) becomes 
4 (51, 2L h?) = 4 (400L) 
or 
p= 2,34 fl 
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*2.78 Water backs up behind a concrete dam 
as shown in Fig. P2.78. Leakage under the foun- 
dation gives a pressure distribution under the dam 
as indicated. If the water depth, h, is too great, 
the dam will topple over about its toe (point A). 
For the dimensions given, determine the maxi- 
mum water depth for the following widths of the 
dam: € = 20, 30. 40, 50, and 60 ft. Base your 
analysis on a unit length of the dam. The specific 
weight of the concrete is 150 !b/ft*. 





FIGURE P2.78 


A Free- bedy- diagram of the daw ts 
Shown in the Ligure at te right, Where . 


2 s y | ( fom unit length ) 


ov = ¥,(4)(0)(80) = Yor, 2 
F, = (a+ Skr) g 





A s (Eaa TE 


. = Z sin@ 
=- BS . d JL. 
«^ 3 4^ 3s) 


To determine YJ, Consider The pressure dishnbahot ww e balaws? 
— Fre TALK 


s 
B 
x 0-4) 
Summing moments about A, 
RY = K(E) « & (39) 
(con't) 
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2.78 (cont) 





S0 that 
. Frlé)+ & (22) 
73 
^5 
Where E s BRE. : Subst te tron of EX pressions hr F- 944 F Yı eld; 
ATTA 
Jpn Sa e 


kth 


Foy equilibrium oí the dam , ZM,=0 so That 





a 
Eq -Ww(s)-8 72 * % 9, =o My 
and with X= 62. lb/ft’, y, = 150 Ih/f2? aud E. fo f£ Then: 
Be 3/24" W= booo E= nze g = _lofs 
$5 Sino 
5t 3/,2 (+o) s f RIA) . (2h410)2 
r4. 3(K. t 10) 


Substitution of These expressions into E3.U) yields | 
2 A r” 3 2 3120 TE 
(31.2 4. Mz ) (6 4) (38) - [385. 3178 e 5) 


e [3/2 (4) 4] ILI =o 





Which can be simpli fi eel to 


3 
hi E + c0g44 - 33996 4^- 10, 700 =O C2) 
S/n “O 


Thus, toy a. Given L Ê Can be determined trom The 


condition tan B = 20/2 and | £e.) solved fr h 


For The dam wıdThs speci tied, The maximum water depths 
are givin below. Note ‘That for The two largest dam 


widths The water would overflow The dem before it would 


top pt. 
Dam width, £, ft Maximum depth, h, ft 
20 48.2 
30 61.1 
40 71.8 
50 81.1 
60 89.1 
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2.79 (See Fluids in the News article titled “The Three Gorges 
Dam,’ Section 2.8.) (a) Determine the horizontal hydrostatic force 
on the 2309-m-long Three Gorges Dam when the average depth of 
the water against itis 175 m. (b) If all of the 6.4 billion people on 
Earth were to push horizontally against the Three Gorges Dam, 
could they generate enough force to hold it in place? Support your 
answer with appropriate calculations. 


(33. E -Yh,A- (9:80 x10", ) (22 (nom « 2,304 m) 


= 3. 4l XID" N 





il 
s, U6 x10 v 
b. + x 10^ 


a Pe ML ib 
= $H.] person c E -- 


Yes . It is \i¥ely, Nhat enough Faria Could be generated 
Since Ve guived Average force per person is relatively 
Small. 


Cb) Kequivea ave vage force per person = 
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2.381 A 2-ft-diameter hemispherica! plexiglass “bubble” is to be 
used as a Special window on the side of an above-ground swimming 
pool. The window is to be bolted onto the vertical wall of the pool 
and faces outward, covering a 2-ft-diameter opening in the wall. 
The center of the opening is 4 ft below the surface. Determine the 
horizontal and vertical components of the force of the water on the 
hemisphere. 


=F =0 or Fy "hs fih 
Thys, 





E "Uh A iz s (ot) Zo py = 78% ori). |n unter 
and : 
$540 mh -W-rV-rirRs, ML 


where R=/4 "n 
x 


Thus, 
Fy = 62-4 gs (47 (14/6) = 131 1b (down on bubble) 


fy 
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2.82 Two round, open tanks containing the same type of fluid rest 


on a table top as shown in Fig. P2.82. They have the same bottom weight of Jiguid Su pported 
area, A, but different shapes. When the depth, A, of the liquid in by /nclined Walls 
the two tanks is the same, the pressure force of the liquids on the $ l 





bottom of the two tanks is the same. However, the force that the 
table exerts on the two tanks is different because the weight in each 
of the tanks is different. How do you account for this apparent 
paradox? 


, 9 ^ wz C 
0 af rl |! as) 





Area=A Area=A 
A FIGURE P2.82 


For the tank with The inelimed lwalls, The pressure on The 
bo Hom is ue fà fue weight of The li quid In The Column 
Chrectly above The bokom Gs shown by The dashed lines jn 
The figure. This is The same weint aS That for The tank 
wi 7A the straight sides. Thus, the pressure on The bodom 


of The two tanks 15 The same. The additonal luetght 
no the tank with The inclined ltvalls 15 5k pported by The 
Vnclined lulls, a5 silustrated im The figure. 
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2.83 — Two hemispherical shells are bolted together as shown 
in Fig, P2.83. The resulting spherical container, which weighs 
306 |b. is filled with mercury and supported by a cable as shown. 
The container is vented at the top. lf eight bolts are symmetri- 
cally located around the circumference, what is the vertical 
force that each bolt must carry? 







Sphere diameter = 3 ft 


m FIGURE P2.83 





|" 






LE, ^ force in one bolt 


$^ pressure at mid-plane 
A ^ area at od-plane 


Ww, ~ weigh of merturg m bo hom helf 
"7 of Shell = D —4 


W, ~ weight of bellom half of shell 


For eguilibriam ; 


L Dein m 
Thus, 


fi = PA + Wy, + Ws 


lT) + GEED) + (B00 b) 


(a R9 s n X S) iso t 


F, = [890 |L 


i 


ane 





2.84 The 18-ft-long gate of Fig. P2.84is a 
quarter circle and is hinged at H. Determine the 
horizontal force, P, required to hold the gate in 
place. Neglect friction at the hinge and the weight 
of the gate. 





s 

, e Fy c 
For eguih brium ( trom free-bedy - dtagram 
of Fluid amass), T F Hy Fay 

FE 20 j ao] 
on rf eee 
= v 
Fi B R H Y^, A, 
= (b242,\ €f )[ erant) - 20 2001L 


Simi larly , 
2 Fy e D 


Seo That 
Fy = Ww/ s X, x (volume of Flaiä ) 
20 


H 


Io TT à L 
(6 2.4 $73 )/3 (6#t) x 8t]: 3), 800 |b 


Also, nse y(t) 9 
i“ c dr 
qud B b5£t . 2 ft 
$2 ^ Ut 
For eguh brium (from free-body-diagram oF gate) 
3 M, =° 
so That 
P (att) = F, lg)t Fl) 


tt ( see Fig. alge ) 


or 9 
(20,200 I, )( 2 ££) 4- (31, £001. )( & ft) 
ES a ee Ib 


2782. 
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2.85 The air pressure in the top of the two liter pop bottle 
shown in Video V2, Sand Fig. P2.85is 40 psi, and the pop depth 
is 10 in. The bottom of the bottle has an irregular shape with a 
diameter of 4.3 in. (a) If the bottle cap has a diameter of 1 in. 
what is magnitude of the axial force required to hold the cap 
in place? (b) Determine the force needed to secure the bottom 
2 inches of the bottle to its cylindrical sides. For this calcula- 
tion assume the effect of the weight of the pop is negligible. (c) 
By how much does the weight of the pop increase the pressure 
2 inches above the bottom? Assume the pop has the same spe- 
cific weight as that of water. 


] in. diameter 





Paw = 40 psi 


4.3 in. diameter 


8 FIGURE P2.85 


(a) nas P, x Aresa = (4, i ms) - 3/4 |b 


(b) Z Run 


Ye Ve In. a bove by Hom 
Fades” s s —— ) M 
ge Imi 2 
= (Yo $. \(E) (4. ain) F 


M 


581 lb 





bottom 
(c) Dep. 4 yh 
to b, + (iig) &)Y r | 


[ru In: fep 


pe P t t i e t i t D T i e tt tt et t m 


Ho 2. + o25 P, 


Thus The. increase. ta Dress ure due lo weight = 0.189 pst 
(which Is less Man |% of air pvessure). 








H l| 
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2.86 Hoover Dam (see Video 2.) is the highest arch- 
gravity type of dam in the United States. A cross section of the 
dam is shown in Fig. P2.86(a). The walls of the canyon in which 
the dam is located are sloped, and just upstream of the dam the 
vertical’ plane shown in Figure P2.@6(4) approximately repre- 
sents the cross section of the water acting on the dam. Use this 
vertical cross section to estimate the resultant horizontal force 
of the water on the dam, and show where this force acts. 








regan heme 
(a) (b) 
& FIGURE P2.86 





Break Aa inte 3 parts as Shown. 
For area ] s 


E = dhA lazu ka Na eee fo) (ans foe) 
= 457 XID" Ji 

Lp aum. ie” fg, 7 LETA 

For area 2: 
Er = Yh, Aa = lar EAE) Gitt) o AA) 

= 41(3x/0' I 
Thus, 
7 


L 


fk tie, tig," /57 x Ib. Jl + 4 L3 y Jo! h 4 [57x JD Ji 
222x8" 15 


Since The. /nomen 1 of The VeSuldant force G bout The base 
of The dam must be € faa! 5 The moments due te 


D Lg, and e. (t follows Wat 
(Car +) 
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2.86 (Cont) 
hx d = Fe Gist) + e(d) lsti) + fe, (4 )(nst) 
na 
7.77 x10" [| 
= A4oL f 


Thus, The resultant hor gon tal S m On The dam /s 
4. 7 73 : JL acting ^ oL tt up From The base 
of The dam along The axi of symine fry of The area. 
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2.87 A plug in the bottom of a pressurized 
tank is conical in shape as shown in Fig. P2.87. 
The air pressure ts 40 kPa and the liquid in the 
tank has a specific weight of27 kN/m*. Determine 
the magnitude, direction, and line of action of 
the force exerted on the curved surface of the 
cone within the tank due to the 40 kPa pressure 
and the liquid. 





FIGURE P2.87 


A J; 
For eguilibrium ) 
2 Bik = = 
So That 
E E: Pei, A + W 
where F, is the force the Cone exerts 
of The fluid. 


A lso, | FI— A + 
Paty A= ( 40 th, X 3 )(¢ ‘) 


= (40 -4Pa )(% J. 158m) = U.I kN 


anol 

QA = Y E A Bah = Fl um) volume of tone = Y (40) 
ene te He) 
* (2139 \(rr)(1155m) (Fm) = 759 hn 

Thus, 


Ez: 4L" AW * 75S VAM - IRN 


and The tte: on The Cone has a magnitude of III RM 
Qned 1s directed vertica lla downwarel along The Cone «xis. 
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(1) 


(2) 


(3) 


(^?) 


(5) 


(6) 


(7) 


2.88 The homogeneous gate shown in Fig. P2.88 consists of one 
quarter of a circular cylinder and is used to maintain a water depth 
of 4 m. That is, when the water depth exceeds 4 m, the gate opens 
slightly and lets the water flow under it. Determine the weight of 
the gate per meter of length. 





Consider the free body diagram: of 


Fy 
the gale and a portion of the water — od 
gate 
Z M=0 , or width=/m F : 
EWÓ2£W-Tt£4-R8 0, where = hie 
Fy, =0N, A = 2 2xJ0 ETT (Im)(Im) =- 34:3 kV 
since for the vertical side, he = 4m- 0sm -3.5m 
Also, y 
Fy = Yh A = 9.PK/0 E (4m) (/m) (1m) = 39.2 kN 
Also, 1A 
W =O Cm)? - F(Züm*)(Im) 7 2éxeo s t-Z 1m 2.10 kW 
Now, £,=05m and 
4 oe Ie | jalim\imy 
2, = 0,5m * (ye X.) 7 05m * 75 705m t Sm Omiin) =0.524%m 


and f, = | m - ££ =/- fom) =0,576m 


To determine £, consider a uti! sgyare lhat 


consits of a quarter citcle and the remainder 
as shown inthe figure. The centroids of aregs 
O and © are as indicated: 
Thos, 


(0.5 - x), = (0.5 -4,) A, 


(con't) 
2-37 





2.88 | (con't) 
so that with A, -fu) =A adh, zl- this gı ves 


RTE phe 3 
(0.5- s)# =(0.5-4,)(1-2) 
or 
(8) ff = 0,223m 


Hence by combining Eqs (I) throvgh (3): 


(0.575m) W «(0,223m) (2.10 kW) — (34.3kM) (0.524%m) -(39.2kN) (0.5m) = 0 


or 
W= 644KM 








0B 







E Vo lume = 
2.8% The concrete (specific weight = 150 EE E M EIL = ie 
lb/ft*) seawall of Fig. P2.89% has a curved surface Seawater 
and restrains seawater at a depth of 24 ft. The t = 0.222 
trace of the surface is a parabola as illustrated. | 
Determine the moment of the fluid force (per unit oa Ñ i | recent 
length) with respect to an axis through the toe ~~ ns eee 
(point A). 3 w ie Ve Ri d 


x 


7 


ie 
FIGURE P2.89 
The Components ot The fluid force acting 


on The wall are F and W as shown 


on the figure where 


F= V4, / 3 (64.0 <3 (MES (ae za eius) 


E /8, #00 b and pz ifin P4 
Also, 
2 yy 

To determine W Fined area RCO., Thus, 


(s ec Agure fe right | x, 


Xo > 
Az [cay-g) dx TERE ) dx 
O 





o x, = ize 

: EX E qu B ( Node: All lengths in LE) 
and with %,* Vizo0 ) 4 = 175 A” So That 

+= 4x Ift = 175 M? 
Thus, 


w= (t40 2, )(175 £03) = I zco H 
jo locate centroid of A? 


Xo X, "a 3 2 eee 
XA = "E dA = ] (9-4) & di fn na rdx = ao 
o o 
o 


ta yi) e2(Vsa)* 
ana x, = es bina edd —- UH fz 
1775 





E ‘i E 5 = al { ta Xe) 
(19, Yoo Ib (#464) - (11, 200 b (15 Ft - ki F4) = 2S 200 felh) 


P 
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2.40 A cylindrical tank with its axis horizontal 
has a diameter of 2.0 m and a length of 4.0 m. 
The ends of the tank are vertical planes. A ver- 
tical, 0.1-m-diameter pipe is connected to the top 
of the tank. The tank and the pipe are filled with 
ethyl alcohol to a level of 1.5 m above the top of 
the tank. Determine the resultant force of the 
alcohol on one end of the tank and show where 





it acts. 
fe 
S EM 
Fe E rh, A L Om d 
where he = LSm+tlodm = 245m | ee i 
So Tha 2 R "C | 
4 — 
s i4 of pressure 
he * (o E nee) X on)" - Lo P 4 
Also, 
a ode 
y j T e 
hy A 
where A, > $. Jo Paed 
7 Clan)? 
[Lu 4 4.5 m = @. 60m 


(2.8 (F ) lem)” 


Thus, the rvesultaat force has a magnitude of 62 ERN 
Gnd acts af a adistonce of m 7 > A.bom - 4. S0 7 O.lO0m | 
be low center of tank Cnd wa//. 
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2.41 If the tank ends in Problem 2.90 are 
hemispherical, what is the magnitude of the re- 
sultant horizontal force of the alcohol on one of 
the curved ends? 


For e gui | briam j 


c ~ afl (see figure ) 


= bO 8RN 


(Since Solum Mr horizontol force the 
Same as fer Problem 2.90) - 
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2.92 An open tank containing water has a bulge in its vertical 
side that is semicircular in shape as shown in Fig. P2,92. Deter- 
mine the horizontal and vertical components of the force that 


the water exerts on the bulge. Base your analysis on a 1-ft length 
of the bulge. 





BFIGURE P2.32 


F, œ horigontal force of wall on Fluid 
E, vertical force of wall on Fluid 

di 
dU. C 0 Hor [& 
CLEA )( $9 )( ft) 
$$92 Ib 


Es YA - (ezvg)( Ef r3fe)(b Feat fe) 
- 38701L 


For equilibrium , P, =%) = 332 İb i 
ug F = F = 3370h < 


1 





íj 


The force Thwe water exerts on The bulge ıs 


LE fe, bu É Opposite /n direction to F, and 
Fu Above. Thus, 


(F.),,., = 33701 —> 
nsu LL auiem 
(E, Joa - $32 |b l 
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| diameter hemispherical dome as shown in Fig. P2.92 A U-tube 
manometer is connected to the tank. Determine the vertical 
force of the water on the dome if the differential manometer 


reading is 7 ft and the air pressure at the upper end of the ma- 
nometer is 12.6 psi. 


f 
2..43 A closed tank is filled with water and has a 4-ft- a 


4-ft diameter = 





5ft 








Gage 


cad 
P2.q3 
Fp 
For equilibrium, 
2 F erhia 7? 
So That $A 
b, PA = Lo (4) 


Where P. 1s The force The dome exerts on The Fluid 
and p /5 The water Pressure at the hase ef The dome 
From The manometer, 


f2 = 0, (7 #2) - oy (4 £4) =f 


Jo That E 
(/2.1 +. jOa h 


f ze )* GoiasZ, G A)r Ylen) 


li 


li 


2 $80 2. 


Thus, trem Eg (/) with Volume of sphere = ZT (diameter )> 


= (2550 2. TY «6 ) — Lre uzuk, ) 


= $5 /00 lb 


dit That he vertical force tat The 


later 
exerts o» The dome /s 265,100 lb E 
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2.44% A 3-m-diameter open cylindrical tank 
contains water and has a hemispherical bottom 
as shown in Fig. P2.94 Determine the magni- 
tude, line of action, and direction of the force of 
the water on the curved bottom. 





H—3 m —4 
& FIGURE P2.9S84 


Force = weight of water Supported by hemispherical bokom 


A of Cyhnder J= (volume of hem: sphere) | 


H 


«$055 H (im) Cie) = E (soe | 


I| 


185 £4 N 


The force is directed vertically downward | Gud due 


to Symmetry it ac te on the hemisphere along The 
Vertical axis of The Cylinder. 
495 4N 


2? 


12.95 
2.45 Three gates of negligible weight are used to hold back 
water in a channel of width 5» as shown in Fig. P2,45. The force 
of the gate against the block for gate (b) is R. Determine (in 
terms of R) the force against the blocks for the other two gates. 





J 
O POT -—— S - - 
Rec 
SABE dixo eon i RE 
AEE S UGER ee 
P EE AE EN E 
RPM S d E 
m i 4 dt urn 2. Te i i au ji 
h n E. : Mines el * m 
AAD hita EE aI ats Wu. 
Hu pur att QUEE 
n ades BENT 
epo DLE 
^ 
«n (b) (c) 
W FIGURE P245 IL, 


For (Case Ch) 
Fr" Fhe A= F(A hus) » X21 Ei " 


and dpe ZA Ig 


Thus, d 
FR 


So that = gre 
d Ji ETE l (z) 


hk= (ZA )( rh ) 


For Case (a) on free- b00y- chagram Shown Hy 


=. thes (27 above ) and 
Ine Hh 





and 
J) = Kx Vol 
2 
[Rw] 
= méh’k 





1G 
Thus, my co 


So That MEF th) » fz (2 4) 7 


h 
GNA 2 z 
r7. th )+ HA (23) 8 1 


2.95 (Cont ) 


ZZ fo If ouis That 
E, z XV (0.3490) 


From &g.0) 2h E Thus 
Fa /I7R 





for Case (c), tor the free- boda ~ Hegrgm shown, 
The force Te, E The Curved S ection passes Through 
th € h Í nge do aA Therefore does Aot løntri bute f 
The moment Ground N. On boHom part of gate 


i = dhA = ERU) = Ziv 








and / thy 
po ee. ED, a 
z Y A (32) x b) bf 
= uw 
- £2], 
Thus, 
Z Mg 
So That 
s 1) * 5 


zs z 2 
ane ) = fre 
From &q.tl) ghh = IR, Thus 
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2.97 A freshly cut log floats with one fourth of its volume pro- 
truding above the water surface. Determine the specific weight of 


the log. i V 


/ 
V = log volume 
REW or 
M ez 
ho 


Vis z 
ding Sing y "ow 
or 
a 
Sug = # Sno 7 a 243, h)- 44,8 T; Fa 
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2.98 A river barge. whose cross section is ap- 
proximatelv rectangular. carries a load of grain. 
The barge is 28 ft wide and 90 ft long. When 
unloaded its draft (depth of submergence) ts 5 ft, 
and with the load of grain the draft is 7 ft. De- 
termine: (a) the unloaded weight of the barge, 
and (b) the weight of the grain. 


(a) B» eg ui librium , 


Z Ferial = 9 
5o That 





Wy wei ght of bavae 
(unloaded ) 


a aF y P CEN T 


i 


(62. 2, ) (5ft x28 ftx tof) 
786,000 ÍL 


I] 





(b) = 
ái DUO Bs 
M), t We = E, = bc (suiers rai E 7 44. 
_y 


Wa n (i247 (re x 28fi x qo ft) - 186 000 lL $ 
mar weight of qrain 


= 315; ooo lb 
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2.99 A tank of cross-sectional area A is filled with a liquid of 
specific weight y, as shown in Fig. P2.99a. Show that when a 
cylinder of specific weight y, and volume ¥ 1s floated in the liq- 


uid (see Fig. P2.99b), the liquid level rises by an amount 
Ah = (y2/ Yı) V/A. 





(a) 


(b) 
W= weight of cylinder = M — se16un& eso 
For equilibrium. 


W = weight of liquid displaced = Uh, A, = 0% where Y =h, A 
T hus 


O Y = Y Ya, or 
u-RY 


Howe ver, the tinal Volume within the JanL Is equal to the Mittal 


volume plus the Volume, Y% of dhe cylinder that 1s submerged. 
That Is, 


(H+ah)A = HA TY 


Or 
aa 
oho ee RE 


—_ ——. 


—_— m 
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2.100 When the Tucurui dam was constructed in northern 
Brazil, the lake that was created covered a large forest of valu- 
able hardwood trees. It was found that even after 15 years un- 
derwater the trees were perfectly preserved and underwater log- 
ging was started. During the logging process a tree is selected, 
trimmed, and anchored with ropes to prevent it from shooting 
to the surface like a missile when cut. Assume that a typical 
large tree can be approximated as a truncated cone with a base 
diameter of 8 ft, a top diameter of 2 ft, and a height of 100 ft. 
Determine the resultant vertical force that the ropes must resist 
when the completely submerged tree is cut. The specific grav- 
ity of the wood is approximately 0.6. 


For eguilibrium | | 
x erha | =? | 

So Tet W | 
Ts g^ 9y (1) TE 

for a truncated Cone | 


Volume = T5 (E eer ent) T 

Where! — V = base radius lU ~ weight 
r= fop radius Fa ~ buoyant force 
h = height T ^ tension in ropes 





Thus (77) ( Ibo f£) 2 : 
pe (CME T Gs pe se) + 0 #2) | 


= 2200 ft” 


for buoyant force , | 
E30, s^ y- = (42,4 4.) (2200ft?) = )37 000 ly 


tree 
For weight , | | 
We Ke «= (O.byb2» fr) [azoott!) = 82 tool 
ee 
From Eg (1) 


| = /37 000 b= G2 4oo/, = at 600 n 
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2.102 An inverted test tube partially filled with air floats in 
a plastic water-filled soft drink bottle as shown in Video V2.7 
and Fig. P2.102,.The amount of air in the tube has been adjusted 
so that it just floats. The bottle cap is securely fastened. A slight 
squeezing of the plastic bottle will cause the test tube to sink 
to the bottom of the bottle. Explain this phenomenon. 


When the test tube is Floating 

The weight of The tule, W, "E 
balanced by The buoyant force, Fa, 
As shown in Tre figure > The busyen ¢ 
force ts due to The displaced volume 
Of water 45 Shown. This Misplaced 
Volume is due s The mii pressure, P 
Tra ppea ta The tube Where . 
f= Bet Sige When the bottle bs 
3quee7ed s The air pressure in The 
bte P ss Increased shghtlg and 
7hà jn Cura sncreases P, The pressure 
Compressing The aii th the test tube, 
Thus, Tae displaced Volume 4s. decre2sed 
with a subseguent decrease un Fo. 
Since Ju 15 Constant | 4 decrease iA 
= will Cause The test tube do Sink. 
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Air 
Test tube 





-— Plastic bottle 


N FIGURE P2.102 






Volume LITT 
displaced E E, 


* i 
t > ‘ 
ee 


2.103 An irregularly shaped piece of a solid 
material weighs 8.05 Ib in air and 5.26 lb when 
completely submerged in water. Determine the 
density of the material. 


W lià pm = where /? ^» density of bitu utat 


W (tn water) 


P3 X (volume) 


i4 


FG x (volume) = buoyant forte 
Le x (volume) 7 fe qx (volume) 














Thus, 
W (15 az) iF - / G 
W (n water | P= Tw Ó c f Hao 
Æ 
or A ilo 
:: Ki = 194 -Fe ans slugs 
"dia W La water) “125  . f 
| — A: TE 
W lih air) £. 05 lb 
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2.104 A 1-m-diameter cylindrical mass, M, is 
connected to a 2-m-wide rectangular gate as 
shown in Fig. P2.10*; The gate is to open when 
the water level, A, drops below 2.5 m. Determine 
the required value for M. Neglect friction at the 
gate hinge and the pulley. 





FIGURE P2.104 





PRESE p 
= y 4> Fe Mg 
where all lengths ave in m., Hy ^ y 
MM _ 
Foy equilibrium , o Hy rt 
B 
Z M,=0 
So that 
3 
4T = (& FL = y$ 
and a Y 4? 
"T CIA 


For The cylindrical mass E EN =o ancl 


T M g ps rt M4 - y V- 


Thus, L 
M s I = ya” ¥ (=)() (g-i) 
4 


and for fi =2,.5m 


3 2 
] (4.20415 N y| e +4 T (im) (2e tos) 


m 
^M 
q,8) "€ 1. 


M 


= 2480 ka 
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2.105 When a hydrometer (see Fig. P205 and Video V2.8) hav- 


ing a stem diameter of (0.30 in. is placed in water, the stem pro- Fluid 
surface 


trudes 3.15 in, above the water surface. If the water is replaced 
with a liquid having a specific gravity of 1.10, how much of the 
stem would protrude above the liquid surface? The hydrometer 


weighs ().042 lb. 





BFIGURE P2.105 


When the hydrometer is Eloa ting 
its weeght Dis balancea by 
the buoyant force, m, For 
equilibrium, 


i Dy dink 4e 
Thus, for Water 
Fy = Ww 
(n) = W (1) 


where 4 1s The submerged volume. wim the new 


leĝ yid 
i (Se) (5, ) V 790 (2) 
Combining Egs, (1) andl) with W Constant 


%,, ) + = (S&)(Yy, , ) Y. 


v. 
c2 LLL 2?) 
= "ss 





n 


ånd 


Ceont ) 





ZIS] — fent) 


Prom Er C)) k 
r a UE i = 6.73x/6 * pe? 
| E 62.4 1k, 
se that from E4.0) E 
=f s 3 
45 = 6.73 x10 f .gizxo tt 


/|. lo 
TRAYS) uy, (6.23- L2) ft? = O.b/ X10 Te? 
To obtain This difference the change im length, AL, t5 
(Z 0.30m.) Af = ( o. 1 xw~* £43) (1728 m 
Aba LE? in: 


wim the new LL The tem would Protrude 
315 in. t |.44 [n. AGGIN- ahove the surtace 
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2.106 A 2-ft-thick block constructed of wood 
(SG = 0.6) is submerged in oil (SG = 0.8). and 
has a 2-ft-thick aluminum (specific weight = 168 
lb/ft’) plate attached to the bottom as indicated 
in Fig. P2106. Determine completely the force 
required to hold the block in the position shown. 
Locate the force with respect to point A. 








for egui librum , 


Z om dic 





so that 
Po WT, f We, 
Where - 
Wur S (34, %,, . ) 2 = : vto 
^^ aiuminum» 
a ( 0.6) (62.9225) (4 tote uL 2 62)2 Soo lb F^ force to hold block 


Wa = (1b8 s J 0.5 ft x ioftx 2ft) = 1680 Ib 
Fou (56, (dmo) Yir e Coen Be Mel ent e) e tone 
Fat (Shol) (Smo) Y = (0.8) (62.4 $, )(0.5t « oft e zu) 499 IL 


Thus, 
Fe 5001, ~ 2ooolb + 1680 Ib- 499 Ib = (i$! lb upward 
Also, 
rd M,=0 
So That 


QF = 10 £4) (w,,- Fou ) + (S#t)(Wa- Fe. ) 


» 
Á (681 Ib) = (19 £t) ( 1500 Ib- 2eoolb) =+ (5 £t)(1680le - V4 lp ) 


e 


and 


— 
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2.107 (See Fluids in the News article titled «Concrete canoe," 
Section 2.11.1.) How much extra water does a 147-lb concrete ca- 
noe displace compared to an ultralightweight 38-]b Kevlar canoe of 
the same size carrying the same load? 


Por equi lab rium y 


2 Pial p 
a i * 
na Ty) = Fe = Y, I ana A- (5 cis placed Volume. 
Z 
For Concrete Canoe, yw 
[+7 w= (62.4 die | We 
Fg 


ve 3-2, BL an 


Br Kevlar Canoe, 


33 1b =(62 vL 

y = O. boq fE 
2. 3b 0. 609 Ht 
|.3s ft^ 


Jl 


E xtra Ww ater a 'Splace ment 


2 -/07 


fnnc. mec 


2.108 An uice berg (specific gravity 0.917) floats in the ocean (spe- 


cific gravity 1.025). What percent of the volume of the iceberg 1s 
under water? 


For equi li briym, 





W = weigh? of iceberg = FR = bvoyant force 


or 


TE 


Ge ó. T L4 Pon. J where H = volume at ICE submerged. 








Thys, 

ob z Vice _ SGjce _ 0.917 p pQ s 77 
= - == 695 = ( 7 

Vas ee SGocean /.02.5 s 
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2.110 [tis noted that while stopping, the water surface in a glass of 
water sitting in the cup holder of a car is slanted at an angle of 15? 
relative to the horizontal street. Determine the rate at which the car 
is decelerating. 


dz _Y 
dy = 9 taz 
where az=0 and E) = fanis” 20,248 


Thos 





-. 4 ___4y 
Q2 77 9 7 7 31384* 
or ' 
BÉ ft 
dy = - (0.268)(32.2 <2 )= §.63 2 
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2.1it — An open container of oil rests on the 
flatbed of a truck that is traveling along a hori- 
zontal road at 55 mi/hr. As the truck slows uni- 
formly to a complete stop in 5 s, what will be the 
slope of the oil surface during the period of con- 
stant deceleration? 


dz — | li 
<< dy 
a m Y 


= (29 2,28) oS. dom 


slope = dz on 


dy $t 4i 


Kon Su hrs Sand? sar 


time interval 


Am, 
o — (65 mph o4410 Z ) . 





= mph = —412 -—. 
5 s 
Thus 
2 
d£ = i (-492 zm) Fi au 


2.112 A 5-gal, cylindrical open container with a bottom area 

of 120 in.* is filled with glycerin and rests on the floor of an 

elevator. (a) Determine the fluid pressure at the bottom of the 

container when the elevator has an upward acceleration of 3 

ft/s*. (b) What resultant force does the container exert on the 

floor of the elevator during this acceleration? The weight of the 
- container is negligible. (Note: | gal — 231 in?) 





E 
2 5% 
(a) BP. -P (4+ 4) (Eq 2.26) 

E avla = À 


P A= valume 


fi : (3 
{ep = =p (4r4,) (a8 R Uzo n>) s (Fs) (3L ] 
a fe 4, = F b3 in. 
p C4 23) & 





= 
{J 


- Gw $28 )( 32.2 + 3 )( 263 4) 
> hf By 


(b) From free- bed; -diagram of Container ) 
T | |t 
CIE ib _) (i201 In. « | ft x] se 


Iv ln. 


Ww 


if 


57.4% Ib 
Thus, fonte. af Giutamwer on Fleer 4s 57.* [b downward. 
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2.113 An open rectangular tank 1 m wide and 
2 m long contains gasoline to a depth of 1 m. If 
the height of the tank sides is 1.5 m, what is the | 
maximum horizontal acceleration (along the long | 
axis of the tank) that can develop before the gas- 
oline would begin to spill? | 


lo prevent spilling , 
d£ —  l5« — 1.0m 





dy ~ Tae =- 0,50 
(see figure). 
Since 
) Q 
dz. - ee E (E3. 2,28) 
i q t Gz 


ov with 0570), 
"t - (28 4 
(d.i. 7*7 (-o so). 5125 ) = enm 


(Hote: Acceleration Could be either +o the right or the left, ) 


—— EE a 


2 - 1/2. 


2.114  Ifthe tank of Problem 2.113 slides down 
a frictionless plane that is inclined at 30* with the 
horizontal, determine the angle the free surface 
makes with the horizontal. 


2' 
is 
M 
y \ 
From Newtons Amal lawr, 


Z Ean F ANA 


Since the only force m The 4 direction 
ls The Com ponent of weight (mg )5in 6 





( m 4)smo = mm he 


tY^^» mass of tank "s 
So That ' ; Gasoline 
A, = j Sin Ó 
I a 
and therefore | <->? 7 
i : 
Ay = Ay Cose a. == ay Sin ĝ DA Quy 
Q 
Also, Z 
(2 mo ax Sea. (Eg. 2,29 ) 
ay d+ % 
ae Qy Cos © 





= 2 dime lose 
3 ~ Q. sinb 


5 g - g Sinb sin B 


E T cos 0 sif@ cos @ 
= m çin? ð = = eee = Jah e 
Hence, n = - lan 8 SO that the free Zraz 


surface js a1 the same angle as the plane, ^ 








2-113 


2. S 
2.115 A closed cylindrical tank that is 8 ft in diameter and 
24 ft long is completely filled with gasoline. The tank, with its 
long axis horizontal, is pulled by a truck along a horizontal 
surface. Determine the pressure difference between the ends 
(along the long axis of the tank) when the truck undergoes an 
acceleration of 5 ft/s?. 


DP s- ØR (Ee 2.25) 
Bs 
Thus, 


f£ 
fap S -e^s [ es 


f; 
Where P=h at Y=O Gad P=, aZ gq224 PE, 





and 
7-4 5 A. Cs rE) 
n lu 
= -pra E48 lls = Jhan te) 
- 4 
Z o 24589 fer 
or 


/L 
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2.116 The open U-tube of Fig. P2.116 is par- 
tially filled with a liquid. When this device is ac- 
celerated with a horizontal acceleration, a, a 
differential reading, A, develops between the ma- 
nometer legs which are spaced a distance [ apart. 
Determine the relationship between a, f, and h. 








di = au GH 2.28) 
4 G+ Gs 
Since d 
dz... A Š 
d - E, ano 47 70 
then ÀJ i a. 
ZU SHO 
or 4 d a£ 
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FIGURE P2.116 


2.117 | 


2.117 An open 1-m-diameter tank contains 
water at a depth of 0.1 m when at rest. As the 
tank is rotated about its vertical axis the center 
of the fluid surface is depressed. At what angular £luid 


velocity will the bottom of the tank first be ex- surface 
posed? No water is spilled from the tank. 
= 
— — R 
54. - dr f 
Eguation for Surfaces of Constant pressure Az yy 


y 
( JE, 2.32) ? x 
2 R 
Z= SE + Constunt f 
2j R^ initia! dépTh 
For free surface with hizo at F=0, 
4 _ atte 
ae 
The volume of fluid ih rotating tank is qiven by 


R 
R 2, Uu 
w In dy = £I of Par = TW R 
O 








f ^ 2.4 T$ 
Since The. inidial volume, Ye = Rhy, must eg ual the fina! 
volume, 
ty 
So Thai 4 
7T c = Rt: 





or 
gr - eon Norm) = 0,5 ad 
D 


( O. 5) ^ 
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2.118 An open, 2-ft-diameter tank contains 
water to a depth of 3 ft when at rest. If the tank 
is rotated about its vertical axis with an angular 
velocity of 180 rev/min. what is the minimum 
height of the tank walls to prevent water from 
spilling over the sides? 


For free surface, i * 


f= = +f (Ez. 2,32) ll 








ea 


he volume of fluid in the votating tank is given by 
R R 
v JE. dr = an (F , 4+) dr 
4A 
o 


O 


** T 2 
TOR . wh R 
+ 3. 
T 4 
re M bad / 
= T (10 te ¢ 2 Kx imis) erf 


+ Whe (ft) 
4 (32.2 ££ ) 
s? 
= w(2z7h +4.) f£ (with 4, tr £2) 


Since The. inta] volume 


vecmEÁAS S oT (Hn) (34e) - 8v ££ 
and The final volume must be egual, 


$* 
ov 
7 (2.72 +h,) ft3= 3m £t* 
dd f, = o. 240 Ft 


Thus, from The first Cg ua tion ( &,2. 32) 
= we + 6,240 £t 
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2:49 A child riding in a car holds a string attached to a floa! 

ing, helium-filled balloon. As the car decelerates to a Stop, the 
balloon tilts backwards. As the car makes a right-hand turn, the 
balloon tilts to the right. On the other hand, the child tends to be 
forced forward as the car decelerates and to the left as the car 


makes a right-hand turn. Explain these observed effects on the 
balloon and child. 


A floating balloon attached to 4 string wil! align itself so thal 
the string it normal to lines of constant pressure. Thus. sf the 
car is hel accelerating j the lines of f/ = constan} pressure ane 
hori zont al ( gr avity acts vertically down ) and the balloon floats 
‘straight vp” (ie. 0=0), IF forced to f Fg -W = buoyant ae, i 
the side (0+0), the balloon will return f. T 7 
fo the vertical (9=0) eguilibrivm p -N 
position.in which the two forces 
Tand Fg-W iine vp constant =< 

pressure lines 





string 


/4)9gy/ 


Fig, (1) No acceleration I G =0 for 


a ° 


egyilibriv m. 
Consider what happens when the car decelerates with AN 


amount Qy<O. Hs show by Eo, (2.28), : — Bs 
the lines of CONS lani pressure are not iih, S m dE 
horizontal, but have q slope of motion 
az =-—Y%.- 70 sjnce Qg70 
9 * dz E 
and ay<o, Again, the balloons eqyilibriym 2 UT f, 
position is with the string normal to p =const. ¢ : m EA 
lines. That is, the balloon tilts back qc = | 
the car stops. E 4 
When the car turns, Oy = X (the centrifugal ~ E ; 
acceleration), the lines of q «const, are q« -. ^ "n 





shown, ana the balloon tihs to the ~-- +’ 


Fig.(2) Balloon aligned so that 
oviside of the conve Lirón lt AM To p =constant 


lines 


Fig, (3) Lett PUPA» bajloon tilts te 
right 


2.120 A closed, 0.4-m-diameter cylindrical 
tank is completely filled with oil (SG = 0.9) and 
rotates about its vertical longitudinal axis with an 
angular velocity of 40 rad/s. Determine the dif- 
ference in pressure just under the vessel cover 
between a point on the circumference and a point 
on the axis. 


Pressure in a rota ting tla vanes 
/h accordance with the Cg uation, 





2,4 
f È gis flan —X2 + constant 7 2. 23) 
dinee ZZ. , 
i = PE fati 
f» 7 = (s (Fe ^ ) x lB 2a 


3 (0,910? 48 ) (Yo P) Torm- o | 


a 


= 283.9 ke 
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2.121 (See Fluids in the News article titled “Rotating mercury / Receiver 
mirror telescope," Section 2.12.2.) The largest liquid mirror tele- 
Scope uses a 6-ft-diameter tank of mercury rotating at 7 rpm to pro- 
duce its parabolic-shaped mirror as shown in Fig. P2.121. Deter- 
mine the difference in elevation of the mercury, Ah, between the 
edge and the center of the mirror. 





& FIGURE P2.121 


Foy tree Surtace of rotating hgud » 





zz Q'r* tonstant (Ea. “324 
? 1 
let Z0 at vzo0 and dherefwe 
Constant =o. Thus, 
Ah=dAz for r= StL e@nd 
With 
ad lamin 
CO = (T rpa ) ) (20 ad )f Lams) 
= 0.733 M8 
it follows that ; 
2 
Ay = (0-133 8 (3 ft) 
Z (32.2 P) 
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2.122 Force Needed to Open a Submerged Gate 


Objective: A gate, hinged at the top, covers a hole in the side of a water filled tank as 
shown in Fig. P2.122 and is held against the tank by the water pressure. The purpose of this 
experiment is to compare the theoretical force needed to open the gate to the experimentally 
measured force. 


Equipment: Rectangular tank with a rectangular hole in its side; gate that covers the hole 
and is hinged at the top; force transducer to measure the force needed to open the gate; ruler 
to measure the water depth. 


Experimental Procedure: Measure the height, H, and width, b, of the hole in the tank 
and the distance, L, from the hinge to the point of application of the force, F, that opens 
the gate. Fill the tank with water to a depth h above the bottom of the gate. Use the force 
transducer to determine the force, F, needed to slowly open the gate. Repeat the force mea- 
surements for various water depths. 


Calculations: For arbitrary water depths, h, determine the theoretical force, F, needed to 
open the gate by equating the moment about the hinge from the water force on the gate to 
the moment produced by the applied force, F 


Graph: Plot the experimentally determined force, F, needed to open the gate as ordinates 
and the water depth, A, as abscissas. 


Results: On the same graph, plot the theoretical! force as a function of water depth. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


B FIGURE P2.122 
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Solution for Problem 2.122: Force Needed to Open a Submerged Gate 


L, in. 
5.5 


h, in. 
21.1 
18.5 
16.2 
14.5 
12.8 
11.1 
10.1 
7.4 


Since h > H, A = H*b = constant and ixe = b*H^3/12 = constant. 


6.0 


F, Ib 
10.1 
8.9 
7.6 
6.7 
5.8 
4.7 
4.3 
2.9 


b. in. 
4.0 


y, b/ft^3 


62.4 


F,, Ib 
15.69 
13.43 
11.44 
9:97 
8.49 
7.02 
6.15 
3.81 


Yr- Ya, ft 
0.0138 
0.0161 
0.0189 
0.0217 
0.0255 
0.0309 
0.0352 
0.0568 


lc, ft^4 
0.003472 


d, ft 
0.264 
0.266 
0.269 
0.272 
0.276 
0.281 
0.285 
0.307 


F= F.*d/L, where F, = y*(h s H/2)*A, d=H/2 + (Yr i Yo), and Yr Vo = Fu = H/2)*A 


F, Ib 
9.03 
7.80 
6.71 
9:91 
QT 
4.30 
3.83 
2.55 





C 


Problem 2.122 
Force, F, vs Water Depth, h 
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—— Theoretical 
—W— Experimental 





2.123 Hydrostatic Force on a Submerged Rectangle 


Objective: A quarter-circle block with a vertical rectangular end is attached to a balance 
beam as shown in Fig, P2.123. Water in the tank puts a hydrostatic pressure force on the 
block which causes a clockwise moment about the pivot point. This moment is balanced by 
the counterclockwise moment produced by the weight placed at the end of the balance beam. 
The purpose of this experiment is to determine the weight, W, needed to balance the beam 
as a function of the water depth, h. 


Equipment: Balance beam with an attached quarter-circle, rectangular cross-section block; 
pivot point directly above the vertical end of the beam to support the beam; tank; weights; ruler. 


Experimental Procedure: Measure the inner radius, R,, outer radius, R;, and width, 5, 
of the block. Measure the length, L, of the moment arm between the pivot point and the 
weight. Adjust the counter weight on the beam so that the beam is level when there is no 
weight on the beam and no water in the tank. Hang a known mass, rm, on the beam and ad- 
just the water level, h, in the tank so that the beam again becomes level. Repeat with differ- 
ent masses and water depths. 


Calculations: For a given water depth, hk, determine the hydrostatic pressure force, 
Fp = yh_A, on the vertical end of the block. Aiso determine the point of action of this force, 
a distance yz — y, below the centroid of the area. Note that the equations for Fz and yr — y, 
are different when the water level is below the end of the block (h < R, — R,) than when 
it is above the end of the block (h 2 R; — Ry). 

For a given water depth, determine the theoretical weight needed to balance the beam 
by summing moments about the pivot point. Note that both Fg and W produce a moment. 
However, because the curved sides of the block are circular arcs centered about the pivot 
point, the pressure forces on the curved sides of the block (which act normal to the sides) 
do not produce any moment about the pivot point. Thus the forces on the curved sides do 
not enter into the moment equation. 


Graph: Plot the experimentally determined weight, W, as ordinates and the water depth, 
h, as abscissas. 


Result: On the same graph plot the theoretical weight as a function of water depth. 


Data: To proceed, print this page for reference when you work the problem and ciie& here 
to bring up an EXCEL page with the data for this problem. 


Pivot point 






Counter 
weight 


ai 
Quarter-circle black & FIGURE F2.123 


(Con t) 
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Solution for Problem 2.123: Hydrostatic Force on a Submerged Rectangle 


W = 32.2 ftls*2 * (m kg * 6.825E-2 slug/kg) 


| (Cont) 


R4. Ín. 


5.0 


m, kg 
0.00 
0.02 
0.04 
0.06 
0.10 
0.12 
0.14 
0.16 
0.18 
0.20 
0.22 
0.24 
0.26 
0.28 
0.30 
0.35 
0.40 
0.45 
0.50 
0.55 


R5, in. L, in. b, in. 
9.0 12.0 3.0 
Experimental 
h, in. W, Ib 
0.00 0.00 
1.11 0.04 
1.58 0.09 
1.92 0.13 
2.51 0.22 
2.76 0.26 
2.99 0.31 
3.20 0.35 
3.41 0.40 
3.60 0.44 
3.80 0.48 
3.99 0.53 
4.17 0.57 
4.33 0.62 
4.50 0.66 
4.95 0.77 
5.39 0.88 
5.83 0.99 
6.27 1.10 
6.70 Mai 


Forh < R3 E R4: 
Fa 7 y*(h/2)*h*b 
d = R,j - (h/3) 
Forh»Rs;-R, 


Fg 7 y*(h - (R2 - R/2)' (R2 - R)'b 
d- R2- (R2 - R2 * (y, - Ye) 

yr “Ye = ime 

Ixe = D*(Ra - R1)43/12 = 0.000771 ft*4 
he=h-(R2-R,)/2 

A 7 b*(R; -R1) 


(cont ) 
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Fr, Ib 
0.00 
0.07 

0.14 
0.20 
0.34 
0.41 

0.48 
0.55 
0.63 
0.70 
0.78 
0.86 
0.94 
1.01 

1.08 
1.28 
1.47 
1.66 
1.85 
2.04 


g, fts^2 
32.2 


Yr Yc, ft 


0.0512 
0.0476 
0.0444 
0.0376 
0.0328 
0.0290 
0.0260 
0.0236 


y, Ap ft^3 


62.4 


d, ft 
0.750 
0.719 
0.706 
0.697 
0.680 
0.673 
0.667 
0.661 
0.655 
0.650 
0.644 
0.639 
0.634 
0.631 
0.628 
0.621 
0.616 
0.612 
0.609 
0.607 


Theoretical 


W, Ib 
0.000 
0.048 
0.095 
0.139 
0.232 
0.278 
0.323 
0.367 
0.413 
0.456 
0.504 
0.551 
0-597 
0.637 
0.680 
0.794 
0.905 
1.016 
T. 1127 
1.236 


Sum moments about pivot to give W*L = Fp*d 


(Cent) 


Problem 2.123 
Weight, W, vs Water Depth, h 


452 | ! — PH Á— ——— 
; | 


E uh 
0.8 | |——Theoretical | 
| w Experimental 

— 

0.2 Pa L| 
a, | | 
0.0 2.0 4.0 6.0 8.0 


h, in. 
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2.124 Vertical Uplift Force on an Open-Bottom Box 
with Slanted Sides 


Objective: When a box or form as shown in Fig. P2.124 is filled with a liquid, the ver- 
tical force of the liquid on the box tends to lift it off the surface upon which it sits, thus al- 
lowing the liquid to drain from the box. The purpose of this experiment is to determine the 
minimum weight, W, needed to keep the box from lifting off the surface. 


Equipment: An open-bottom box that has vertical side walls and slanted end walls; 
weights; ruler; scale. 


Experimental Procedure: Determine the weight, W,,,, of the empty box and measure 
its length, L, width, b, wall thickness, ¢, and the angle of the ends, 0. Set the box on a smooth 
surface and place a known mass, m, on it. Slowly fill the box with water and note the depth, 
h, at which the net upward water force is equal to the total weight, W + W,,,, where W = mg. 
This condition will be obvious because the friction force between the box and the surface on 
which it sits will be zero and the box will “float” effortlessly along the surface. Repeat for 
various masses and water levels. 


Calculations: Foran arbitrary water depth, A, determine the theoretical weight, W, needed 
to maintain equilibrium with no contact force between the box and the surface below it. This 
can be done by equating the total weight, W + Woa to the net vertical hydrostatic pressure 
force on the box. Calculate this vertical pressure force for two different situations. (1) As- 
sume the vertical pressure force is the vertical component of the pressure forces acting on 
the slanted ends of the box. (2) Assume the vertical upward force is that from part (1) plus 
the pressure force acting under the sides and ends of the box because of the finite thickness, 
t, of the box walls. This additional pressure force is assumed to be due to an average pres- 
sure of p,,, — yh/2 acting on the “foot print” area of the box walls. 


Graph: Plot the experimentally determined total weight, W + W,,,, as ordinates and the 
water depth, h, as abscissas. 


Results: On the same graph plot two theoretical total weight verses water depth curves— 
one involving only the slanted-end pressure force, and the other including the slanted end 
and the finite-thickness wall pressure forces. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


B FIGURE P2.124 





(Cent) 


Solution for Problem 2.124: Vertical Uplift Force on an Open-Bottom Box with Slanted Sides 


0, deg L, ir b, in. t, in. Whox, Ib y, lb/ft^3 
45 10.3 4.0 0.25 0.942 62.4 

Experimental Theory 1 Theory 2 

m, kg h, in. W + Wrox, Ib h, in. W + Wbox, ID Pavg DAZ W + Wyo,, Ib 
0.00 2.06 0.942 0.00 0.000 0.00 0.000 
0.05 2.23 1.052 0.25 0.009 0.65 0.047 
0.10 2.42 1.162 0.50 0.036 1.30 QUE 
0.15 2.53 1.272 0 25 0.081 1.95 0.194 
0.20 267 1.382 1.00 0.144 2.60 0.295 
O25 2.81 1.491 1.25 0.226 3 25 0.414 
0.30 294 1.601 1.50 0.325 3.90 0:551 
0.35 3.06 Lha Tl 12755 0.442 4.55 0.706 
0.40 IG 1.821 2.00 0.578 5.20 0.879 
2.25 0.731 5.85 1.070 
2.50 0.903 6.50 1.279 
2.75 1.092 1.15 1.506 
3.00 1.300 7.80 1.752 
3.25 1.526 8.45 2.015 


W 7 g*m = 32.2 ft/s^2 * (m kg * 6.825E-2 slug/kg) 


Theory 1. Including only the slanted-end pressure force: 
W * W,,, 7 y"Vol 
Vol = b*h*h 
Theory 2. Including the slanted-end pressure force and the finite-thickness wall pressure force: 
W + Wrox = y*VOl + Pavg A 
Davg x 0.5*y*h 
A = (b + 2*t)*(L + 2*t/sin0) - b*L 2 8.33 in.^2 - 0.0579 ft^2 


(cont ) 
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Problem 2.124 
Total Weight, W * W,,,, vs Water Depth, h 


e Experimental. 


| 
| 
| 





Theory 1 
(slanted ends 
only) | 
——— Theon? 
(slanted ends| | 
and bottom 


edge) | 
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2.125 Air Pad Lift Force 


Objective: As shown in Fig. P2.125, it is possible to lift objects by use of an air pad con- 
sisting of an inverted box that is pressurized by an air supply. If the pressure within the box 
is large enough, the box will lift slightly off the surface, air will flow under its edges, and 
there will be very little frictional force between the box and the surface. The purpose of this 
experiment is to determine the lifting force, W, as a function of pressure, p, within the box. 


Equipment:  Inverted rectangular box; air supply; weights; manometer. 


Experimental Procedure: Connect the air source and the manometer to the inverted 
square box. Determine the weight, Wy, of the square box and measure its length and width, 
L, and the wall thickness, t. Set the inverted box on a smooth surface and place a known 
mass, m, on It. Increase the air flowrate until the box lifts off the surface slightly and "floats" 
with negligible frictional force. Record the manometer reading, A, under these conditions. 
Repeat the measurements with various masses, 


Calculations: Determine the theoretical weight that can be lifted by the air pad by equat- 
ing the total weight, W + W,,,, to the net vertical pressure force on the box. Here W = mg. 
Calculate this pressure force for two different situations. (1) Assume the pressure force is 
equal to the area of the box, A = L?, times the pressure, p = y,,h, within the box, where y,, 
is the specific weight of the manometer fluid. (2) Assume that the net pressure force is that 
from part (1) plus the pressure force acting under the edges of the box because of the finite 
thickness, ¢, of the box walls. This additional pressure force is assumed to be due to an av- 
erage pressure Of Pawg = Ymh/2 acting on the "foot print" area of the box walls, 4¢(L + 2). 


Graph: Plot the experimentally determined total weight, W + W,,,, as ordinates and the 
pressure within the box, p, as abscissas. 


Results: On the same graph, plot two theoretical total weight verses pressure curves— 
one involving only the pressure times box area pressure force, and the other including the 
pressure times box area and the finite-thickness wall pressure forces. 


Data: To proceed, print this page for reference when you work the problem and click hese 
to bring up an EXCEL page with the data for this problem. 


Weight 






Air supply 


Sees 


[a 
M 
[| 


fh H Water 
E iu "- 


TETTE ERES No oa MET ROE Ite eA RN i FIGURE P2.125 


(Cont) 
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Solution for Problem 2.125: Air Pad Lift Force 


L. in. t, in. Wios Ib Yu2o. ID/ft^3 
79 0.25 1.25 62.4 
Experiment Theory 1 Theory 2 
m, kg h, Im. W + Wrox, ID p, Ib/ft*2 = W + Wyo x, Ib W + Wrox, Ib 

0.0 0.54 1.25 2.81 1.10 Gali? 
0.1 0.64 1.47 3.33 1.30 1.39 
0.2 0.74 1.69 9.65 1.58 1.61 
0.3 0.82 1.91 4.26 1.67 1.78 
0.4 0.94 2.13 4.89 1.91 2.04 
0.5 1.04 2.36 5.41 2.11 2.26 
0.6 1.12 2/57 5.82 2.28 2.43 
0.7 1.23 2.79 6.40 2,90 2.67 
0.8 1.32 3.01 6.86 2.68 2.87 
0.9 1.42 3.23 7.38 2.88 3.08 
1.0 1.52 3.45 7.90 3.09 3.30 
4.4 1.63 3.67 8.48 8:57 3.54 
1.2 172 3.89 8.94 3.49 373 
1.8 1.83 4411 9.52 du^? 3.97 
1.4 1.96 4. 3 10.19 3.98 4.26 
1.5 2.06 4.55 10.71 4.18 4.47 
1.6 2.12 4.77 11.02 4.31 4.60 
da 2.23 4.99 11.60 453 4.84 
1.8 2.32 5.21 12.06 4.71 5.04 


W = g*m = 32.2 ft/s^2 * (m kg * 6.825E-2 slug/kg) 


Theory 1. Involving only the pressure times the box area: 
W + Wbox = p*L*2 
P = YH20"h 


Theory 2. Involving the pressure times the box area plus the average pressure times the edge area: 
W + Whox = p*L*2 + (p/2)"((L + 2t)*2 - L*2) 


(Cont) 
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Problem 2.125 
Total Weight, W + Wbox, vs Pressure, p 


e Experimental E 


wwe Theory 1 (box area 
only) 


Theory 2 (box area 
plus edge area) 





W + Whox, Ib 





p, Ib/ft^2 
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3.2 Air flows steadily along a streamline from point (1) to point (2) 
with negligible viscous effects. The following conditions are mea- 
sured: At point (1) z, = 2 m and p, = 0 kPa; at point (2) z, = 10 
m, p; — 20 N/m?, and V, = 0. Determine the velocity at point (1). 


(2) 
2 2 Z2=10m 
fi +20l) +82, = 9, 140V +02, | f, 20 
Thus with p =0 and \270, i V, =0 
toMy tz, = 0 +02, cy 222m 9/2348 


" 5 f$ 


2 y=? 
+(n23%4), = 20. 4(123:2)8812 (10m-2m) I s 


or 
2_ 2(20) Mm m 2 N-m A 
Vy, = Ti "kg + 204.852) (Pm) = 199-2 (Note: in SE 


kg 
Thos 
V - 13.7 m/s 


3.3. 


3.3 Water flows steadily through the vari- 
able area horizontal pipe shown in Fig. P3.3. The 
velocity is given by V = 10(1 + x)i ft/s, where 
‘x is in feet. Viscous effects are neglected. (a) De- 
termine the pressure gradient, dp/dx, (as a func- 
tion of x) needed to produce this flow. (b) If the 
pressure at section (1) is 50 psi, determine the 
.pressure at (2) bv: (i) integration of the pressure 
gradient obtained in (a); (ii) application of the FIGURE P3.2 
Bernoulli equatton. 


(a) -fsn0-3€& - oVÉ but 8-0 and V=10(/ +x) ft/s 
= -oVÆ or Æ% =-eV{Ẹ =-ọ(10(1+x))00) 
Thus, dg - -,2 SUP (I0 P) (px) , with X im feet 
- HX) f 





(u 


It 


f X nd 
(6M) B = -194 (14x) sotha [da = -19% [(1+X)dx 
o X, «0 


2 
or gj — Sopsi - IM (392-44 (L1) - so 01-399 ps 


c) p*zeu UE, =f trey +02, or with 2,=2, 
A7 p*zelV-W) where VY = 101 +9) = 08 
y= 10(143) = 40% 

Thus, 


f = 50psi + £ (1.96 HAS) (10° p0) fle ) = 39.9 psi 


3.4 Repeat Problem 3.3 if the pipe is vertical with the flow down. 





(a) -fse -3& - eViE — wi @ = - 40* anq y-/o(19x) 1 
iP --eVit.Y o5 P =-pv +r Pam +f 
Thus, 2B = -194 $ se jo ty (14x) + 62,4 B, with x in feet 
= Mt *62.4 db 
X2=3 
(5) (1) g - -/94 (13x) 4 42.4. $0 that (4 = [poutisa) az. & | 2x 


f -500sL X,=0 





3° 
or f - 50psi — (94 (3 LA LE.) + 62, f (3) £r. ( 


= 50 -/0.14+/.3 = 4l,2 psi 
$. a^ f m2 : 
(ii) B'206 *Jz,- A, * ZO * Z2. or with 2,=0 Z,--3f/ 
and V, = so(/ to) = sot " l5 -/0([13) - 40. It | 


HE) 


A - E *£plW. -4*) — SZ, 
= sopsi te (IF 32 ) (jo' -40*) - 62.7 Hs (-3 ft) | 
= ie, 205; 





I ————  OÜÓ  — — 


I a 


| 3.5 | | mM —_ «= | 





3.5 An incompressible fluid with density p flows steadily 
past the object shown in Video V3.7 and Fig. P3.5. The fluid Dividing 
velocity along the horizontal dividing streamline streamline 
(—-v = x s —a) is found to be V = Vo(1 t a/x), where a is 
the radius of curvature of the front of the object and V, is the 
upstream velocity. (a) Determine the pressure gradient along Po (o) 
this streamline. (b) If the upstream pressure is py, integrate the 
pressure gradient to obtain the pressure p(x)for ^o» S x s —a. 
(c) Show from the result of part (b) that the pressure at the stag- 
nation point (x = —a) is po + pV2/2, as expected from the 
Bernoulli equation. 





E FIGURE P3.5 


(a) Æ- -ovf where V= V (Lt tx) 


Thus, IY = N- Ma. 
$ X Xa 





dp - d =- oh (1-4 $e) patla +) 
P s x 
(b) (dp = EZ - ea V" f (xi + 5) dk Note PFR al X=-00 
f^ =~% — 
or ; r3 X 
p-f 7 gaV |- e 
Thus 


(c) From pari (4). when X=-a 


pl = poe la tae] = Attell 
Ke-a zu 
From the Bernoulli equation ft 2p y= P *Zp / j 


where à 
V=V = V, (1 +7) = 


X=~a 


7 hys, P, = A d oW 45 expected. 


3-4 


3.6 What pressure gradient along the 


streamline, dp/ds, is required to accelerate water 
in a horizontal pipe at a rate of 30 m/s?? 


of _ _¥ sind — ov where 


dS 


TAUS, 
k 
af = — Pd, = -999 fs (305%) 


or 


af = ~ 30.0 kPa s/m 


8=0 and 
aV _ "n 
y£ = a, m D 


= -30000 ) /m 


3.7 A fluid with a specific weight of 100 Ib/ft? and negligible vis- 


cous effects flows in the pipe shown in Fig. P3.7. The pressures at 

points (1) and (2) are 400 Ib/ft^ and 900 Ib/ft^, respectively. The 4,7 c 
velocities at points (1) and (2) are equal. Is the fluid accelerating og Na 1 
uphill, downhill, or not accelerating? Explain. 


(1) 






E FIGURE P37 


Tf the flow is steady (lie, nol acceler ating), then 

f oV rz, =f, *ZoV HZ, 

But V, * V. Thus, for steady flow 

f,  YZ, » ft oz, where if we set Z, 20, then Z (10H) sin 30 = Sft 
For the given dala, Eg. (I) becomes 


(oota) HIO I)SH) = (900 48) 


or 
lb — goo 2 
900 = 100 Fa 


That is, Eg. (1) (the steady flow equation) is Valid, 
The flow is not accelerating 





Note: Tf the flow were accelerating the pressure difference 


between points (I) and (2) wovld be difforent than the given 
(900—400) a = 500th, 


| EET 


3.8 What pressure gradient along the streamline, dp/ds, is required 
to accelerate water upward in a vertical pipe at a rate of 30 ft/s^? 
What is the answer if the flow is downward? 


M. - -Ysió -eVÍT — where © = 90° for vp thw , 
@ = -70 fer down flow, 

<A = 1 
Thus, for uptlw and Vis == 30S% 
b - 
Ip _ -62.() 25, — 424 sM9s(30 1 ) z= - 120.50.) /fi cw eder 


dS 
and for down flow 


p. . Lp) 4b, 19g SP IStap fl = Ib | 
de cen CD ~ 194 ER (20) = 420 (2) fl -a0292 AF 


| 3.9 


| 


3.q Consider a compressible fluid for which to obtain the "Bernoulli equation" for this com- 
the pressure and density are related by p/p" — pressible flow as [n/(n — l)lp/p + VW2/2 + 
Cə, where n and C, are constants. Integrate the gz = constant. 


equation of motion along the streamline, Eq. 3.6, 


dp Eg uE amimi ao a sireaniin: 
p 2g : 
an 








d Ih 
e" - £f or 4 = £ SO that 
L xd E j l-7 
Thus, , 
= Ga" 
IE: o P 2 eT va 


: 2 
Hence: i 4 +3V°+g2 =constant along a streamline 
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3.40  Anincompressible fluid ows steadily past sure at the stagnation point (x = —a) is po + 
a circular cylinder as shown in Fig. P340. The fluid pV 5/2, as expected from the Bernoulli equation. 
velocity along the dividing streamline (~œ < 


x < —a) is found to be V = Vy (1 — a?/x*), Dividing 








where a is the radius of the cylinder and V, is the streamline 

upstream velocity. (a) Determine the pressure Vo 

gradient along this streamline. (b) If the upstream E 3 ^ 
0 


pressure is po. integrate the pressure gradient to 
obtain the pressure p(x) for -œ « x s —a. 
(c) Show from the result of part (b) that the pres- T S 
FIGURE P3.10 
- — Y sino -oyi 3 _ dV ax 
(a) 5 = d 5/70 — OVS but O=0 and Jt = gy ax _ wv 
Thus, S a 2 2y 
= -Q =~ 2a 
2e. yak a 72 Tt) - ay) Ae vÍ ]( 5x9) =r 
j£ - -pVáx --2ea V LI - (X 


E , af 2j dx 
Qo (dor ( ehe or pA zen w (1-18 
Po = — 00 = 


n 


-2 p2 y" (pe - 2x51 di 
Thos, “a 
| HERE 
P =P teh [&) -3(4)' | for -cexxs-a 





(C) For X=-@ _ from part (db): 


J 


pl = pareve [e-t] = Atten 


X= -Q 


Note: Bernoulli equation from point t) where Y= nf 

and zZ,-29 to point =) where \p=0, 2,220 gives 

P; f TOV +02, = P «dou yz, 
or 


P= Po +z phe” 





3.1 


3. Consider a compressible liquid that has a constant bulk 
modulus. Integrate ‘‘F = ma’’ along a streamline to obtain the 


equivalent of the Bernoulli equation for this flow. Assume 
steady, inviscid flow. 


From £9, 3.6 
dp *zpd(V^)* Ydz-o where w= 9 
and dp £, de where 


E, = bulk modulus = constant 


(see Eq. |.13) 
Thus, along @ streamline: 


E,SP tted(v) +egde=0 or 
Ey SĘ +d (EV?) +gdz =0 


which can be integrated between 
f2 V2 Za 

d Ly? = 
E| ^s du |j ga 0 


between points (I) and (2) to give 


or 
[s - 5] 35 Teg[m- 21-0 
Hence: 


2. 
gz - Ev 4 x = constant along a streamline 
oc ai 








EZ 


3.13 Air flows along a horizontal, curved streamline with a 20 ft 
radius with a speed of 100 ft/s. Determine the pressure gradient 
normal to the streamline. 


-y a = oF = ; where 2 zQ since the streamine is horizontal, 


Thus, | 
dp _ _ eV -.00238 Sys) (100 t) # 
d WR 20H y V 
| ly Ib Jb. 
=-/,/9 es inb) = —/.19 [13 


[3.74 | | : 
E 
3.1% — Water flows around the vertical two-di- 


mensional bend with circular streamlines and 
constant velocity as shown in Fig. P3.14. If the 
pressure is 40 kPa at point (1), determine the 


pressures at points (2) and (3). Assume that the (3) 
velocity profile is uniform as indicated. e 1m -— 
= EX = 10 m/s 
FIGURE P3.14 14 
2 (1) 
yee - of = B with zz =/ ond V=lom/ss 


Thus, with R= 6-n 


st ai p 
g = y I Or 
n n n 2 
V dh 
(£d, - - (rds - ( £7" 
n-o nzo n=0 
so that since Y% and V are constants 


p -pi = -ën - ov? | 
n=0 
Thus, : 
P= -ln - eV* In(-z5z) 
With fy = t Kf and A, zm igo 9.8410 £5 (/ m) 
- 999 71, (102: In (£) 


or 
2 = 12.0 kPa 


and 
with fF ¢40kfa and N = 2m s g, = 40 ka- 9, sox ya (2m) 
k my 6 
-999 7$ (102) |n (g) 
or 


f - -20.I! kPa 


*345 


*3,15 Water flows around a vertical two-di- | 
mensional bend with circular streamlines as is 20 ft R 
shown in Fig. P3.15 The pressure at point (1) is 
measured to be p, — 25 psi and the velocity across Py = 25 psi 
section a~a is as indicated in the table. Calculate Cn 


and plot the pressure across section a-a of the 
channel [p 2 p(z)for0sz « 2 ft]. 


FIGURE P3.15 fiel 


^, 


^ 


-y dž -£ = er : with dé =|, R=22-n, and Vz Vin) as given 


in the table with Z=n. 


NE y2 

E= -t -am 

Orp =2 n=2 y2 
So x nb arm an 


or 


n-2 , 
fif =-J (2-n) - e( dn 


n 2 
Mence wilh Y- 624 1, , p=1,94 S3, andg - 2525 (MIT) 


e 3600 b. 





J 


2 
f- 3600 * 62.4 (2-n)4 1.94 tetas dn 
n 


Ha 


this gives 


where PF, n~ff €) 


For O €n*2 vse the dala in the table (V=Vn), where n=2) 


and integrate numerically to determine p< pin). 





z (ft) V (ft/s) 
0 0 
0.2 8.0 
0.4 14.5 
0.6 20.0 
0.8 19.5 
1.0 15.6 
L2 §.3 
1.4 6.2 
1.6 3.7 
1.8 3.0 
2.0 Ü 


(con't) 


3800 


3750 


f. Ib/ FP? 


3700 -4 


3650 


3600 


O 


value of integral p, Ib/ft^2 


13.33 
13.04 
11.8 
8.98 
9.32 
2.37 
0.879 
0.361 
0.107 
0.02 
0 


pn 


0.5 


3751 
3738 
3723 
3705 
3685 
3667 
3652 
3638 
3625 
3613 
3600 


n,H 


3 


1.5 
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3.16 — Water in a container and air in a tornado flow in hor- 4 
izontal circular streamlines of radius r and speed V as shown 

in Video V3. 6and Fig. P3.16 Determine the radial pressure 

gradient, dp/dr, needed for the following situations: (a) The 

fluid is water with r = 3 in. and V = 0.8 ft/s. (b) The fluid 

is air with r = 300 ft and V = 200 mph. 


E FIGURE P3.16 
For curved streamlines, 
- op - S. y dz , or with dž 20 (horizontal streamlines), 7r, 
and 2 En £ this becomes 
2. 
wy. pv 


ar r 
/ 
a) With r= az ff and V=0.82 and water (p *^?* "Hs ), 


do, ise E (o8. p, slas uer d 
i Cau i - 





ft 
(b) WHh r=300f and V= 200 C )= 293 ft 


and air ( p= 0.00238 SE) | 
ep ` 0,00238 sg 5 (2q34t)? i 
- 


b 
300 fl 0. 681-3 285.- - 0.681 TJ3 


| 
ft? 





| 3.17 Air flows smoothly over the hood of your car and up 

past the windshield. However, a bug in the air does not follow 
| the same path; it becornes splattered against the windshield. 
| Explain why this is so. 


An air particle flowing along 
streamline (1)-(2) is immersed in 
a pressure field produced by all 
of the surrounding air particles. 
Gravily and pressure effects precisely 
balance centritugal acceleration effects. 


That is, 





-Y 2 E of = oe , where Sand p are the specitic weight and 
density of the air 


R 





air particle follows 
streamline past windshield 


do 0, but it “feels” the same 


A bug is more dense than air, 0 
pressure field, which is not sufficient to make it torn as sharply as the 


ain does. Hence, “Ky >R and the bw hits the windshield- 
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3.19 Ata given point on a horizontal streamline in flowing air, the (1) (2) 

static pressure is — 2.0 psi (i.e., a vacuum) and the velocity is 150 ft/s, kani pia ( 

Determine the pressure at a stagnation point on that streamline. V 2150 fi V 20 / 
l 5 2 


f + 20V «EZ, = pat toV? +ëZ 


where z,*Z, and V.-0 
Thus, 


f^ f *zpl (26 Blei 5) +4 $ (0.00238 SHE) (1 so fh)? 


-29896 " t 268 3 


n 


pea sees (dg 


ELE <1. 81 psi 





ACE 


S2 


3.21 When an airplane is flying 200 mph at 
5000-tt altitude in a standard atmosphere, the air 
velocity at a certain point on the wing is 273 mph 


relative to the airplane. What suction pressure is 
developed on the wing at that point? What is the 
pressure at the leading edge (a stagnatton point) 
of the wing? 


c3) V 2 273 mph 





(a) pre 4 pV* +z =constant 
a E D n tt. 
V = 200 mph g ;3 slug 
Thus, with 22%, =2, a quu 
Pitten= potters” , but p,=0 so that 
x di 2 ef). 1 
A= z elV ie") Ma y= zoomph ( EEE "ed ) t 223 
z y= 272 mph ( a L - 400 P 
or 
A= 4 (2.05x/0 7 £P) [ass"- — 400 J£ pU 
- 76,0 ^ (gage) 
(b) Mso, 
A - Tk — 4(2.05X/0 35599) (2231 £t y* 82.0 1, b, (gage) 
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3.22 Some animals have learned to take ad- 
vantage of the Bernoulli effect without having 
read a fluid mechanics book. For example, a typ- 
ical praine dog burrow contains two entrances— 
a flat front door, and a mounded back door as 
shown in Fig. P3.22.When the wind blows with 
velocity V, across the front door, the average 
velocity across the back door is greater than V, 
because of the mound. Assume the air velocity 
across the back door is 1.07V,. For a wind velocity 
of 6 m/s. what pressure differences, p, — p;. is 
generated to provide a fresh air flow within the 
burrow? 


Z 
4, +2 OM, + 2, = p, +4 


i 1.07 Vo 
(1) (2) 
n Q A 
FIGURE P3.22 
z 
yy +02, 


Thus, with negligible gravitational effects (čo. 2,% 22) 


fuf o EpL MT 


= £(/.23 4$.) (61.97 «& &Y - (6 £y) 


or 
fofa * 9 fa 


3.28 


3.23 A loon is a diving bird equally at home 
"flying" in the air or water. What swimming ve- 
locity under water will produce a dynamic pres- 
sure equal to that when it flies in the air at 


40 mph? 
a 
È 2 / e = Cair 
2 Bs V = 2 Ho Vo Of T = Oo Vain 
Thus, luas 
T 2.38x10? p3 gomph) c /. tmd 
H20 Sira is at alam eta 
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3.24 


3.24% A person thrusts his hand into the water 
while traveling 3 m/s in a motor boat. What is 
the maximum pressure on his hand? 


2 2 ] 
Praz zd o ME + 2 with 2, = 22 


2 d 2 
i 7 f p= = 
5-9? 7 V =0 
Thos, b : 
- s 
fa "2, V -zepW or ~,=3 (999 4) (32) = 4 500% - 4o kf, 


3.25 


3.25 A Pitot-static tube is used to measure 
thc velocity of hclium in a pipc. The temperature 
and pressure are 40 °F and 25 psia. A water ma- 
nometer connected to the Pitot-static tube indi- 
cates a reading of 2.3 in. Determine the helium 
velocity. Is it reasonable to consider the flow as fH 
incompressible? Explain. 
Te 


A az. 6 ru) Ms 2, VW ae ^J 
with 2, ==2 J - V, and V h = 0 
Thus, 
24 A | 2(p2-f) 
FE e 
where 
2 o 25% (Orfa) sego xm s 
PERT ( 2e2 x fh ) (460 4 40) °R f 


> 
and since da * 


Aer hr 62.4 1e 52 3 ff) =//.96 a 


Tus, 7 on 
y us | oe zx 203 {i 
£,80x/0 > —— 
ee 


Note: M= + where c-VkRT 
Thos, t 2. 
C= L 46 (7, 292X/0 * cius AR E (460 + 0) e] = 32/0 f 


i 2^ S = 0.063 €«0.3 Thus the thw can be 
32/0 : e VS, 
considered incompressi bde. 
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3,26 


3.26 An inviscid fluid flows steadily along the stagnation 
streamline shown in Fig. P3.26and Video V3.7 starting with 
speed V, far upstream of the object. Upon leaving the stagna- 
tion point, point (1), the fluid speed along the surface of the ob- 
ject is assumed to be given by V 2 2 V, sin 6, where @ is the 
angle indicated. At what angular position, 6, should a hole be 
drilled to give a pressure difference of p, — p, — pVà/2? Grav- 
ity is negligible. 


fot Zp =p, +key? =p 42 


where V, =0 
Thus, 


A-A teU- «2pm 


so that if . 
p- p= zro then ⁄2= Vo 
That js’ 

V 72V, sin@ 


f æ 
0 
Hence, 0, = 239. 


V, or sm8, 
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2 


-l 
2 


3.27 


3.27 A water-filled manometer is connected to a Pitot-static (1) 


tube to measure a nominal airspeed of 50 ft/s. It is assumed that 
a change in the manometer reading of 0.002 in. can be detected. 
What is the minimum deviation from the 50 ft/s airspeed that E 


can be detected by this system? Repeat the problem if the nom- h 
(2) | 
fi, i) = ee Bae where -0,]5-0 
x 2g l Y 2g 2 P y V2 


inal airspeed 1s 5 tUs. 
Z,= 22 2 and f£ 2 bo 


Thus 

slugs snz ti? in. 
> - Yoh _ pV? _ (0002385 Vi s2) (129) 
2g B. M E h z u0 2 (62.4 Fa) 


Hence, h = 2.29x]0 * "n where V^ ft/s and h^ in. 
For V = soft this gives 

h= 2.29x10°( 50) = 0.873 in. 

while for V, 2 5 f^ it gives 


h =2.29x10°(5)* = 0.00573 ja. 
With hto0.002in. from these nominal valves we obtain 
h, in, V, ft/s 





0,5 7/ 499 
0,573 50.0 
0.575 50.1 
0.00373 4, OF 
0.00573 5.00 
0.00773 5,81 


Thus, with V, - SOfl& the minimum air speed deviation that can 
be detected is 20.1 114 ;. for V, - 5 fl/s il is t0.8/ HL. 


3.28 | 


3.28 (See Fluids in the News article titled “Incorrect raindrop 30 
shape,” Section 3.2.) The speed, V, at which a raindrop falls is a 
function of its diameter, D, as shown in Fig. P3.28. For what sized 29 
raindrop will the stagnation pressure be equal to half the internal » 
pressure caused by surface tension. Recall from Section 1.9 that the 


pressure inside a drop is Ap = 4a/D greater than the surrounding = 15, 
pressure, where c is the surface tension. > 
10 
5 
0 
0 0.05 0.1 0.15 0.2 


D, in. 
EFIGURE P3.29g 


Determine diameter D tor which 
Zp V*= z[407/D]., or 
+ (0.0023 9H) V^- i| s o3xi ^5) /D ] 
or 


D- 8.45/V^. where D^fl and V^ fts 


D= lol / V* r where D^ jin. and V~ ft/s (1) 
Thus, there are Zunknowns, Dand V, and 2 equations, E¢.) and Fig. P3728, 


The solion is given by the intersection of these two D-Varaphs qs 
shown below. 


j! 


30 ,— 





E 


20 


V, fs 15 - 











Co 
10 - Fig. P 3.28: fall speed vs diameter 
| 








Thos, D= O/¢in, = 3.6mm 
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3.29 (See Fluids in the News article titled “Pressurized eyes,” 
Section 3.5.) Determine the air velocity needed to produce a stag- 
nation pressure equal to 10 mm of mercury. 


oV» Qua, = 101m of mercury = dy h , where ty = 133K10 Qs 


J 


Thus 
re 2 Im 
2 23 B4) V = |Omm (ovo mm) (133x 105-5.) 
or 
V= Z6, 5 m/s 
3.390 


3.30 (See Fluids in the News article titled “Bugged and plugged 
Pitot tubes,” Section 3.5.) A airplane’s Pitot tube used to indicated 
airspeed is partially plugged by an insect nest so that it measures 
60% of the stagnation pressure rather than the actual stagnation 
pressure. If the airspeed indicator indicates that the plane is flying 
150 mph, what is the actual airspeed? 


When unpligged the air speed indicator wovld register a presure 
difference of 


Ap - £pV- zp(Isonph) 
a1 / 50 mph. 


However, when plvaged and the reading mdicates /Somph, the acival 
Speed would be 


or 
V= 194 mph 
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3.32 Water flows through a hole in the bottom of a large, open tank 
with a speed of 8 m/s. Determine the depth of water in the tank. Vis- 
cous effects are negligible. 


2. 2 
p+ ZOV +82, = f, + Zp% +02 
Thus, with P * f M 9, 


YZ, -fas , where £209 and z =h 
$0 that z 

pgh=2 0 Na 

ofr 


2 ma 
h= fe - bs) = 3.26 mM 
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EFT 


3.33 Water flows from the faucet on the first floor of the 
building shown in Fig. P3.33 with a maximum velocity of 20 
ft/s. For steady inviscid flow, determine the maximum water 
velocity from the basement faucet and from the faucet on the 
second floor (assume each floor is 12 ft tall). 


E] A 
w 
J 
d cern ete 


BO .- f 
à /: 
(1) sched su 
v2 20 fts Yi [fa 4 ft ius 
NNSSSNSSSNNNNNNNNNNNNNNN « f 
ESY 3 ft 





] Ze : ft Toit a 
cee LA di 


B FIGURE P3.33 


4 + d; Vig = constant 


Thus, £L tu ty Zz, = Le (d s Ea with g,-4) -0 (tree Jet) 


Or and 
bott)” r E 
—— HS + Zt = r + (-? fA) 2, =~ OM 
2. (32.2. £4) 2 (32.255) 


on y = 342 £ 


and ALt Laz ik +2, wh £,=p, =0 (tree jet) 

and /, 220 £ ! Z,= %7 f7 

(20 ft)? | Va" Z, - /6 ff 
eae 1414 - 3032.2) + /6 ff 


=y 20 2 _2(32.2)(/2) = v _ 373 Impossible! No flow 
from S econd {Joor faucet. 
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*3.35 An inviscid liquid drains from a large 
tank through a square duct of width b as shown 
in Fig. P3.35. The velocity of the ffuid at the outict 
Is not precisely uniform because of the difference 
in elevation across the outlet. If b < k, this dif- 
ference in velocity is negligible. For given b and 
h, determine v as a function of x and integrate 
the results to determine the average velocity, 
V = Q/b. Plot the velocity distribution, v = 
v(x), across the outlet ifh = 1 and b — 0.1, 0.2, 
0.4, 0.6, 0.8, and 1.0 m. How smal! must b be FIGURE P3.35 
if the centerline velocity, v at x = b/2, is to be 
within 3% of the average palochiyg 


2 
ftat z= 6 in ~~ +Zo j where f= ff2= =O, V, zo, Vo = ar 
Z=0, and Z hs bix 
Thus, | ^ E 


-$56h*£-X) or et 0) 


Also, m 
Q = (ardh = b dx = 19 cor b y44y =by2g (2)(xth-$ 





X-0 
Q- 2D YEG |h: L4 -(h-2% ] 
"^ with Q=AV=b*V this gives 
& Vg (h^ - 834] (a 


Plot ar =ar(x) from Eq.(1) from X=O to X=b with h=)m and 
b=0.!1,0.2,0.4,0.6,0.8, and 1.0m, See the graph at the end 
of this problem solution. 


Let V= centerline velocity = “| rE where from £ọ.(l): 


V. = V2gh (2 
Note that in the limiting case of = > =h the average 
velocily (see £e. (2)) is 


3 * 
VI = samy Vag" [ (2h) *] = 4- Vagh = 0.973 Vagh 


=h -0973 V. 


(con't) 
3-24 


(con't 


Thus, for b=2h i sc. s /,060 


O 
In the other limit as b -*0 we can use the expansions (valid for smalls) 
Hal (h* 5 - P (1 25) R^ (1* 2(2)*—) and 
(h- £)* « P(- 3)* e p^ (7E) 
Hence, Eg. (2) in the limit = -^0 gives 


V] -skg lp 200-1420.)]] - s Pr GE) 
b--0 


or 
V| = Y2gh , as isto be expected. Thus, He >| qs b-0 


b-*O 


Me 1,060 
V 
We are fo determine the 
value of b that gives g 
V. -V = 0.03V, or 
Ve 
y 71O 





That 13, trove Eas, (2)and (3): 
gh =/,03 sb) Vag |(h+B)*~(h-B)*] „or with Wz 2 
3h = 103| (+n) - (1-9 ] 


Hence, find the root of the function Fi (x) = 1.03} ( |^ - (X5 ]-3) 
ie, 2 such iha! FÜ)-0.. By ysing a standard rocl- Finding 
computer program we obtain 

p -0.279 


Thus, b 20.774 = b 
or 


b= 2(0.779)h = . 58 h 





For bs 56h it follows that the centerline velocity is within 
3% of the average velocity, 


ZEN (con't) 
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(con't) 


Typical velocity profiles are shown below. 


1.0 
| Legend x 
b=0.1 M 7 d 
ae ee Se n b=0.4 m g 
——— b-1.0 m 3 
0.8 # 
A 
p 
4 
Z 
pl 
v i 
0.6 ar 
ze 
£ / 
2» 
x UU 
^ d 
0.4 7 
Pp 
/ 
p 
gU 
» 
Z 
Ae 
0.2 2 
p 7 
^ 
7 
^ 
^ 
at 
0.0 
3 4 5 5 
V (m/s) 


The velocity profiles for b=0.!m and b=l.0m are drawn to scale below. 





3.36 


3.36 Several holes are punched into a tin can 
as shown in Fig. P3.36. Which of the figures rep- 
resents the variation of the water velocity as it 
leaves the holes? Justify your choice. 





(a) (b) (c) 
FIGURE P3.36 


P E Ax = constant so that with V =0 fy=0 and 2,=h, 
at the free surface, then 


h = th so that V = V29 Chi-ha) = fag) 
Or V2 
or 
h 





Fig.ta) ts correct distribution 


3.37 Water flows from a garden hose nozzle with a velocity 


of IS m/s. What is the maximum height that it can reach above 
the nozzle? 


2 
ANETTE -A 





y 'z5 » 'z2 tZ. bw! 5,20 
f7 0 
V, =0 
Vi=/5 m/s 

This, I 

he ME ue 
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3.38 


3.38 Water flows from a pressurized tank, through a 6-in.-diameter 
pipe, exits from a 2-in.-diameter nozzle, and rises 20 ft above the 
nozzle as shown in Fig. P3.38. Determine the pressure in the tank if 
the flow is steady, frictionless, and incompressible. 





P. i Li pikon, E FIGURE P3.38 
where y0. V, -0Ü Z, =2 Fi, Z, = 221 and f z () 


Thys, 
Gee i 
fi "s 


on 


fy - Y (72-2) -(62.9 ds)(2240 -2 I) - [28 1e a 
Note : The diameter of the pipe or Voz zle ane nol needed 
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3.34 


3.34 An inviscid, incompressible liquid flows steadily from 
the large pressurized tank shown in Fig. P.3.39. The velocity at 
the exit is 40 ft/s. Determine the specific gravity of the liquid 
in the tank. 


Ai +z, 425 naue 


where "n i 
f. 7 e a ( [44 ag i ) = 144055 4, 9, 
zeit Z,.= 0 | y, =O and L = Kot 
Thus, 


Je 
Jayo lo/H _ _(40 Hls) 
y 0051 "38211858 
or 
y= 146.3 WP, 
Hence, 


SG S  _ v4 bf HP 
ENT 62.4 /b/t3 





N 
(3 
aS 
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B FIGURE P3.3q 


3.40 


3-40 Water flows from the tank shown in Fig. P3.40.1f viscous 
effects are negligible determine the value of h in terms ot H and 
the specific gravity, SG, of the manometer fluid. 





fir Wrz, - 4 E Es aps | en f-W 0 
Thus, 

e = (I) 
But, p, - fa * E = fy =p t (III -h) *Se'h 

» z Y(H-h-*Sch) (2) 


Combine Eqns. (1) and (2) to give: 
H =(H+(s6-Ih) 
or 


(S6-1)h «0 
Thus, if SE#l, then h =O tor any SG 





I B 


3.41 (See Fluids in the News article titled “Armed with a water 
jet for hunting,” Section 3.4.) Determine the pressure needed in (2) 
the gills of an archerfish if it can shoot a jet of water 1 m vertically 
upward. Assume steady, inviscid flow. 


Im 
| movth 
From the Serabi ae Az | 
ded j|! ; gills 
£i ve tz, = #24442, (i) 


M. Ve n a » ^2 |m (small fish), 2.2 0 (free jet ) 
and V\a=0 (top of vertical water jet. 


Thus, 
f= Z-Z or p,=0(%r%) = 9.80x jo” (Im) = ? 9, e0x)0 A = = 4, PO kf 
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3.43 


3.43 Air flows steadily through a horizontal 4-in.-diameter pipe and 
exits into the atmosphere through a 3-in.-diameter nozzle. The veloc- 
ity at the nozzle exit is 150 ft/s. Determine the pressure in the pipe if 
viscous effects are negligible. 


From Bernov llis equa tion, 





f *ZoW tz = foo Zo, «rz; 

Thus, with z, =2; , f=? aha y= Isot 
£=zelV,-V*) 

Bvt AV, -AVe or V Gr JM. -(22) V - (3e soll = ene 8 
Thys, 


g“ z (0.00238 HE) fiso -(es« y] - L3 A (digi 





or 


f =/8.3 4 = 0.127 psi 
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3.44 


3.44 A fire hose nozzle has a diameter of 14 
in. According to some fire codes, the nozzle must 
be capable of delivering at least 250 gal/min. If 
the nozzle is attached to a 3-in.-diameter hose, 
what pressure must be maintained just upstream 
of the nozzle to deliver this flowrate? 


D -3in. 


D 2/25 in. 
di y 2, = f i ae ig 22 * 
9 3 i lx Va 


with 2,=22 , f. co 


] A7 3 
eu Y [ee 25) de) Ces T 3e 0,557 IE 
Thus, 


ft 
a oe 2 d. cL 0.557 — 
A7 zb[W-W] where =A, Faye O72 
and 
Q 5» 6557 f 7 f 
y "es Z(.3 Ju -— Il.34 -—- 


——— 


/ 2 


so that with a 
2 
f 2 (^ S)| 80.7- 11.347 | £ 


6/90 t, = 43.0 psi 


n 


N 


Sea 
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3.45 Water flowing from the 0.75-in.-diameter outlet 


shown in Video V8./4and Fig. P3.%5 rises 2.8 inches above 
the outlet. Determine the flowrate. 


2, 3 





m FIGURE P3.45 
The flowrate is Q=A,V,, where from 
the — equation 


V 
2d X ZR 


Thus wh 2, = fh, = 2 = V.=0O we obtain 


V, = 292, = 42 (32.2 ft) (2.8/2) ft = 3.88 ft/s 
so that 


Q= AY - (uia) (3.88 ff) = O19 = ft 
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34b | 


3.446 Pop (with the same properties as water) flows from a 
4-in. diameter pop container that contains three holes as shown in 
Fig. P346 (see Video 3.9). The diameter of each fluid stream is 


0.15 in., and the distance between holes is 2 in. If viscous effects i i face 

are negligible and quasi-steady conditions are assumed, determine a 4" 
the time at which the pop stops draining from the top hole. h 
Assume the pop surface is 2 in. above the top hole whens = O. h, i 


Compare your results with the time you measure from the video. 





dh B FIGURE P3.*6 
Q = Q, + Qa + (); v Ar dt 
where Q; = VA; = fe; A- and H,=A, =A, = - Z(958 ft): 
(12,2) - 4,227 x [0 *H* 
T A, = T/y) = 0.0873 [1^ 
Vzg A Vh, * 15; +*Vh, |] =-A GP where h-h, hb -hL hse hozz 
Hence Z and L=2in. 


CRUEL dl wie uL eec mgri din Po Tomi 
E ( d (Vh +h +1h+24) fake for Ie Sadan 


/ h th hof 
" (heo) reacn The Upper hove 
da dh 
Az di (Vh * Voz "Mh2L) 
0.08 73 fi? - dh 
~ (azro H (2)(32. 2 #/s* 3d Wh tVArL +222) 
7 hus, L 


d 2 
4 = 88.7 (E where L* 3523 {1 * 0.7447 fi 
) (Vh +VhtL +Vhe2Z) 


Note: With Lin feet, this equation gives t in seconds. 


(con't) 


B= 


(con't) 


The numerical value of the integral is obtained by vsing the 
trapezoidal rule since the closed form analytical solvtion 
js not given in integral tables. The EXCEL spread sheet vsed 


for this is given below. 


L | 
45 887 (fib) dh. where. fUl- vum iE REED 


O 


= nae uh; 2] -(88.7 ja zo |= 10.75 


h, in. h, ft f(h) t/f ^ —  (t2*f fa (ha-h)f^ i 
0.0 0.0000 1.015 0.00804 1 
0.1 0.0083 0.914 0.00743 2 
0.2 0.0167 0.870 0.007 11 3 
0.3 0.0250 0.837 0.00686 4 
0.4 0.0333 0.810 0.00665 5 
0.5 0.0417 0.786 0.00646 6 
0.6 0.0500 0.764 0.00629 7 
0.7 0.0583 0.745 0.00614 8 
0.8 0.0667 0.728 0.00600 9 
0.9 0.0750 0.712 0.00587 10 
1.0 0.0833 0.697 0.00575 11 
1.1 0.0917 0.684 0.00564 12 
1.2 0.1000 0.671 0.00554 13 
1.3 0.1083 0.659 0.00544 14 
1.4 0.1167 0.647 0.00535 15 
1.5 0.1250 0.637 0.00526 16 
1.6 0.1333 0.627 0.00518 17 
Le 0.1417 0.617 0.00510 18 
1.8 0.1500 0.608 0.00503 19 
1.9 0.1583 0.599 0.00496 20 
2.0 0.1667 0.591 21 

Sum of column = integral = 0.12011 


Thus,t - 88.7*0.12011 - 10.7 s 
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3.47 Water (assumed inviscid and incompressible) flows steadily 
in the vertical variable-area pipe shown in Fig. P3.47. Determine 
the flowrate if the pressure in each of the gages reads 50 kPa.. 


From the Bernoulli eavalion, 
f) ? Zo 402, =f, HJARTA 
where f =f), = S0 kPa mMFiGuReE P3.47 
Thus, 
5 0(%" -V,”) = f(2,-22) 
Also A, V, “Az k, or 
^ 
= Aa E —) - G2) v -(2)v, - 4v. 
"m E; (n ins 


ze) -z V] * ee (z,- z) 





Or 

TAA =2@(Z,- 22) = 2(9,817)(10m) 
or 

4 =/4,5# 

Thus, 


Q =AL V, = Elim? (15 2) = 1,4 E 


——— eee eee eee — — — — —— eee 


3.48 


3.48 Airis drawn into a wind tunnel used for testing auto- 
mobiles as shown in Fig. P3.48. (a) Determine the manometer 
reading, h, when the velocity in the test section is 60 mph. Note 
that there is a 1-in. column of oil on the water in the manome- 
ter. (b) Determine the difference between the stagnation pres- 
sure on the front of the automobile and the pressure in the test 










section. 
ü. Wind tunnel 
Ns eese meme Wet tnu aed mmm mre yr fet ges Ps Path LRG AP eren PIN hun 
Nea ait 
(1) 60 mph 
ae , cu Lang ~ 
> IW M——ÁI S we i 
(aos tm. 2. i tite vw | | rta e 2s : aiai ai eina Siint D aS wo ee SSE AR 
ó ‘Open Fan 
H E in. 
Water “kim zi oi (SG = 0.9) 


B FIGURE P3.48 


(4) Fitz, + ie = X uz, 


where 
Z,-Z2 , f,<0, 4nd V=0 


Thus with Vo = = 60 mph = ee ft 


fis. = V 
=~ or 
4 


P= -o PW =-4 (0.00238= 2 ( pg Hy” =-9.22-4 Ha 


Byt p, * oh rx) 0. where Uy = 0.9 Uy, 9=0,9(52.4 fs) 
Thus, oe i, 
-322% » +62 Ki wth H) -54.2 A > (t) = Ü or h=0. 223 ff 


e .. ei 
GO Binig = fe tis tog 


2. 
24 Ve _ /3 or 


3,44 


3,4 4  Small-diameter, high-pressure liquid jets can be used 
to cut various materials as shown in Fig. P3.49, If viscous ef- 
fects are negligible, estimate the pressure needed to produce a 
0.10-mm-diameter water jet with a speed of 700 m/s. Deter- 
mine the flowrate. 


U) 
D, = 10"m 


(2) é 
V> E FIGURE P3.#9 





V? 2 
Hf tsb ez f 4 * E where | x0,2,x Z2, and p= 


Thus = £u " £e\e =2(999-2,)(700%)* = 2.45 x|0? 4 AN 


Also, 
Q=\,A, 


"x 
700 $ 4 (16 * 2) | =5.50x/0 2 





3-75 


3.50 


3.50 Water (assumed inviscid and incompressible) flows 
Steadily with a speed of 10 ft/s from the large tank shown in Fig. 
P3.50. Determine the depth, H, of the layer of light liquid 
(specific weight = 50 lb/ft?) that covers the water in the tank 





| NFIGURE P3.50 
From E Bernoulli equation, 


ft 22 M. $3 + Zs 
where f= GH 


/ 4 =O. po, Zz, = ^1 and Z, = 5 ff 
Thus. 
Y, _\ | 
TIR = ag +22 so Val with. V, 7 lofts, 


so ibi f? 


(10 ft/s)” 
25 ong) t4f- 2(32.2fl/s?) t 5fi 
Therefore, 


H = 3./9 ff 
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3.5] : | 


3.51 Water flows through the pipe contrac- 
tion shown in Fig. P3.5!. For the given 0.2-m 
difference in manometer level, determine the flow- 
rate as a function of the diameter of the small 
pipe, D. 





| PÍGURE P3..5 | 
ay +Z, = -LE : 22. or with z, 222 and o 


Vy = 29 ieu 


“at -XYh and g,- Th; so that p,-f2=0lh-he)= 0.20 
Thus, 

V, =12 92 = 2 g (0.2) 

Or 


2 
Q - A.V - Z»*y = fo y2 (68)(02) 9^6 p“ A when D~m 
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3.52. 


3.52 Water flows through the pipe contrac- 
tion shown in Fig. P3.52. For the given 0.2-m 
difference in the manometer level, determine the 
flowrate as a function of the diameter of the small 





pipe, D. nero 
— -FIGURE P3.52 
£L 29 - 2, = L Ps with AV, (o2 
Thus, with De i r k= (Z D EE p.2) vy, =( oe) y 
p-f yar ES e 

j ug 2 
dad 
f= oh, and ~r= lh, so that gp, - Y(h-h)-o2r 
" y 

Le it ae y = TRS 

2g [(95) =d] 

ed 






0.2 (2 (9.8/)) 


[a 


2. 
= 0.0156 D n 


yo -D <$ 


Q-A, V, 2 Z (o5 


when D~m 
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3.58 


3.83 Water flows through the pipe contraction shown in 
Fig. P3.53.For the given 0.2-m difference in the manometer 
level, determine the flowrate as a function-of the diameter of 
the small pipe, D. 





BFIGURE P3.53 
2 2 
A tu +Z, BS tā 


Where Z,= Zp and V2 <0. 
Thus, 

V^ 
Hit - & 
But 
Gl = x and 5 0,2m 4x Seo lhal 

2 
X dL = 0.2mtX or 


7 
l 
V,=V2glo2m) = (2(¢a1%)(0.2m))* = 1.98 2 
Thus, 
Qs AV, =Zlosm) (1.982) = 0.0156 n for any D 
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| 3.54 


3.54*  AO.15-m-diameter pipe discharges into a 0.10-m-di- 
ameter pipe. Determine the velocity head in each pipe if they 
are carrying 0.12 m°/s of kerosene. 


3 
Q | 0/24 


— —ÁÀ——— = m 

EE T (0.15m? m: 

and a 
Q E 

y = OS 18.272 

2 Ma — Z(og0m* s 
7 hus, 

V^ = PER =z 2.35 /?). 

29 2 (9.812) — 
and 

W^ (18.272)? | 


Es, di = 11.49M 
29  g(Ae m = 
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3.55 Carbon tetrachloride flows in a pipe of 
variable diameter with negligible viscous effects. 
At point A in the pipe the pressure and velocity 
are 20 psi and 30 ft/s, respectively. At location 
B the pressure and velocity are 23 psi and 14 
ft/s. Which point is at the higher elevation and 
by how much? 


2 2 
titz E e ez, with 1-945 fis 
ME = (a @ ae Š (20- 23) (48 $a) foot Mat 
99.5 16 2 (32.2 fi ) 
ft = 
Or 


Zg Za = 6.59 H , SE above A 


3 -5| 





3.56 Thecircular stream of water from a faucet is observed 
to taper from a diameter of 20 mm to 10 mm in a distance of 
50 cm. Determine the flowrate. 


| (I) 
| D= 0.02.0nm 
A Vd À i 


2 

y'zg 57 Pts Ea 0.50 m 
where Pp =A=’, Z =0, Z, *0. £0m 
B Q Q (2) D, «0.0/0pt 
V = A, n V, = Tr Q 
Thus, . 

2 2 2g£Z, 2 
£1 «222, 2 (4. or 9 - [gs - _ Aa 222, |242, 

2 A~ l =A, /f,)* 
or since 
2 

a - e) we obtain 


1 
V2 Z, 2 2 (9.81 =) (0,50 ) £ 
Q =A mO = (0.010 m) 7 ~ (Gory ze 


0.020 
3 


2,549 x10 5 


ee 


Closed end 





3.57 Water is siphoned from the tank shown in Fig. P3,57 The 
water barometer indicates a reading of 30.2 ft. Determine the 
maximum value of ^ allowed without cavitation occurring. Note 
that the pressure of the vapor in the closed end of the barometer 
equals the vapor pressure. em 


3-in, 
diameter 


5-in, diameter 


BFIGURE P3.57 


Ww = Pz = = 
ft 7 23 +E, y m TZ, where p =e, y, P f “Sya por 


Thus, 220, Z, =g ft 


0 = Soap + + * 5f 


but fr +30.2 f} Y =A oF since fr,” Prapor , Pape X = -30.2 ff 
Mence, 

Ss y? u I fi 
O=-s02ft + se 46H or B= 2424 of V, =|2 62:2 £028) 
Thos, 

Y= sad 


SUBE V, As = V, A, JA dar s m 4 = 3 (59,5 £4) 
on 
V,=/4.2 i 


However, 

W^ Ve Wah 
D-t +E = y 27 or y= 22/ 
Thus, 


/ 4.2 H5. y2 G2- 2H )h tt or f= 3.13 ff 
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$3.58 As shown in Fig. P3.58, water from a large reservoir flows 
without viscous effects through a siphon of diameter D and into a 
tank. It exits from a hole in the bottom of the tank as a stream of di- 
ameter d. The surface of the reservoir remains H above the bottom 
of the tank. For steady-state conditions, the water depth in the tank, 


h, is constant. Plot a graph of the depth ratio h/Ħ as a function of the 
diameter ratio d/D. 


(1) 


(3) 





BFIGURE P3.58 
From the Bernall; equation, 


V^ 2 V^ 
fir eg fe +h tz, 


2g 
where | «0, 2-H, and al the "treejet"end of Mie chr 
f£, -Y(h-29. 
Thus, £4.) nis 
H - Qvid] (i = hts v 


f 


v “4 29 (H-h) 
50, 
ft 4 Ve Ve gees © fert t£, where f= Ve Y 22,20 and Zy=h 
iss s 
h = Va or 
E 
V; = f2gh 


Also tor constant liquid levels inthe tanks, Y, =Qs 
or 
A.V, =A); V3 
SO that 
TV, = £4+V, 
Fr Eqs (1), (2) and (3): 
b 29 (H- h) =d’ J22h or H-h -(4)'h 


Thus, 
4 = aa This result IS ploHed on the next page. 


(con't) 
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k 3,59 


(con't) 


“} 


por he 


0.5 


d/D 


1.5 


3.54 


3.549 A smooth plastic, 10-m-long garden hose with an in- 
side diameter of 20 mm is used to drain a wading pool as is 
shown in Fig. P3.59. If viscous effects are neglected, what is 
the flowrate from the pool? 





2 2 
A.X Lg, o Ge 2 +z, 


(2) 0.23 m 
FIGURE P3.54 


where f,* fi-0,2,- 02m 
2,7 -0.23m and V, «o 


L-122(2,-2) - (2 (2.81 M )(o.2m-(-0.23m)) É 


d 3 24 
Thus, 
= 2.90F 

or 


= 3 
Q-,V, - Zr (0.020m) (2.90 2) = Gil x/o es 
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3,60 


3.60 Water exits a pipe as a free jet and flows to a height A above 
the exit plane as shown in Fig. P3.60. The flow is steady, incom- 
pressible, and frictionless. (a) Determine the height A. (b) Deter- 
mine the velocity and pressure at section (1). 





s ua Sa 
yx in. — 


BFIGURE P3.60 


(a) From the Bernoyll; egn., 
E = +k +z, where pfa =0, and V ee 


or à 
MS C OM TRE. 
h= zp Terate] 2275" 





(b) Also, A, V, - Al, V, 


ARS Z(£in) 
LU Tint 


From the arene equation 
PLV tot Lr Z, = fz t +22, 


ae ( - 0. 
pf +z oly =U?) +y (Za Z,) where fa=0 


(14 Ë t) = 36,08 


n. 
fà IUE 5) (s £y -G£08y] 2455 (8) 


- -Joog (312-9) jp «9p 


= lb 
= -S/9 2 
ff? 


S 
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3.61 Water flows steadily from a large, closed tank as shown în  &. "3 >° — — 

Fig. P3.61. The deflection in the mercury manometer is 1 in. and on miae v] ft diameter 
viscous effects are negligible. (a) Determine the volume flowrate.  8ft. | 
(b) Determine the air pressure in the space above the surface of the 
water in the tank. Cs 


3 in. diameter 


Mercury 


i FIGURE P3.61 


(a) From = Bernoulli nen 
(1) ft i LE fe +¥ "d $5 J Where ya =0 and 2 “22 
Al. A the Pile 
^ +o A E dy o (17 jn.) * dj Im.) 


f, “fi = Gio) Clin.) = of no! SSyp -1) Gin.) 


(e a D (is fi) 245.3 gj 
Thus, trom Ee (I), 


Ww pL - $830 = 


so that 
| e (22322 8) (oet) - 9.2] É 
Hence, 


Q=AV, =F UA (e212) 2645 2 ft 





(b) From the Bernoulli ur 


4 
(2) f +h sz, Z^ P" where V,» 0, ff, 79, and Vz- 
V, = m - Iit 
Z(iu) 
Hence, RA 
fs ay 2 gi. fie Fz LOY +Y (2; ~ Zy) 
Hence 
pa =La Hat aezet (841) = 16150! 2 112 psi 
m p lit 


3= 5$ 
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(1) 


3.62 Blood(SG = 1) flows with a velocity of 0.5 m/sin an artery. 
It then enters an aneurysm in the artery (i.e., an area of weakened 
and stretched artery walls that cause a ballooning of the vessel) 
whose cross-sectional area is 1.8 times that of the artery. Determine 
the pressure difference between the blood in the aneurysm and that 
in the artery. Assume the flow is steady and inviscid. 


E a 


From the Bernovlli eqyal itn, 
f *z of ma, - o *dok^ wa, 


Where Z,-Z, and M-Qs£ 
7 hys, 


P-P =z pV- ve) 
However 


= Cro SEs 7 Q, 9 (I) = 999-9 
and E 


"VL =h A, or 


Ma = ae o (rv 
Thus, Eg (1) becomes 


2 
f&- f. 7 Z9) to. BY (re) (0.527 | 
$6.5 P) ^ = 26.3% = 84.3 Pa 


i1 








d«54 


A, =/,8h 


—— Ji 


3.63 


3.63 Water flows steadily through the variable area pipe shown in Density = 600 kg/m? 
Fig. P3.63 with negligible viscous effects. Determine the manome- 
ter reading, H, if the flowrate is 0.5 m°/s and the density of the 
manometer fluid is 600 kg/m?. 





Area = 0.05 m* | eu 0.07 m? 
H FIGURE P3.63 


From the Bernoull, ee 
| f LE fz k tqa E As where Zi Éz 
Thus, : 
D pp = BY" 2) = d (V V) 
Bul, Q-AM, - A. Ve co Tha 


3 
Ny OE eat = 10% and V,= Jh" wg ^ 


Hence, from T (1): 
GQ pap, =20999F5)] (108) utr = 2 24,5x[ (2) /p* 
- 244 5XI0 E 
For the manometer 
fh X, oh Grant = f- no (h+) 
so that 
(3) f^ fi = Gg Unt) “ol Gran = Gio” Gran? S aiv EL 
Hence, trom £gs (2)and (3) 
24,5K10 = 9.91 (999 £4 - 60044) H 


or 
p= 6.26m 
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3.6% Water flows steadily with negligible viscous effects 
through the pipe shown in Fig. P3. 64 It is known that the 4- 
in. diameter section of thin-walled tubing will collapse if the 
pressure within it becomes less than 10 psi below atmospheric 
pressure. Determine the maximum value that A can have with- 
out causing collapse of the tubing. 





B FIGURE P3.64^4 


y^ 
A +2, +56 = [2+2,+ A 
where 4 
A70, V» 0, Z, 70, and fum cod (144-4) = -1440 fh 
] hus, with "T 4 17 


wd 1/440 lb/ft? à Vo 
62.¢1b/H3 ' 2(32.2fl/s*) 


r V, = 4,7 


Also, ; 

£z, t 2g = ie AP HZ, a 

ia 

f=, z,--j, and V, e An (8 - Zin. yy 7 ) 
= /8, si 

Thvs, 


i (18.5 fis) 
^f h+ 2 (32.2 41/s?) 
or 


h= 1,31 ff 


3-6! 


Bee | 


3.65 Helium tlows through a ().30-m-diameter horizontal pipe 
with a temperature of 20 °C and a pressure of 200 kPa (abs) at a 
rate of 0.30 kg/s. If the pipe reduces to 0.25-m-diameter deter- 
mine the pressure difference between these two sections. As- 


sume incompressible, inviscid flow. 
Q 
T B^ E a #2 


/ Mt + - 
ft 4 2g F, T 2.3 D,- 0.3m D,- 0.25 m 
where Z, = Z2 ^^ s c = 
Thus, N 
f. 200X 10” wa 
E a 2 2 iu cd c Oa 
(1) f f toh V) where P AT, (2077 2 Mm me (273 +20) K 
or a E 
Also, k i 
m = PA = 0.302 
sO Bar, 30% 
V = L RI ETUR = 12.92 
C41 — (0.329 3.) Z (o 3p) 
and 


t 


AV *AM or 
Y= (2) Y =( 22%) (2.98) 


0.25 mM 
Thus, from &9.4)' 
fr Pn = (0.329 48,)(18.6*-129°)% = 29.5 Pa 


13.62 


3-52. 


3.66 | 


3.66 Water is pumped from a lake through an 8-in. pipe at a 
rate of 10 ft'/s. If viscous effects are negligible, what is the pres- 
sure in the suction pipe (the pipe between the lake and the pump) 
at an elevation 6 ft above the lake? 


2 Z 

Él tab +Z; e ez + Z2 

n f, 5-0, Z,-0, 2,7629 fZ 
an b 
V. Q yA y (10 E) 

p7 ee | Se 
A 72 7 ERAY 





nad 


f£ E -02. -Z£eW - 62.4 É, (6.0 tt) - $ (1,9% SA) (29,6 #)* 
-/168 f z —8B.l psi 


n 
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3.67 Air flows through a Venturi channel of rectangular cross 
section as shown in Video V3.10 and Fig. P3.67. The constant Q 
width of the channel is 0.06 m and the height at the exitis0.04 m. « i — > (4) 
Compressibility and viscous effects are negligible. (a) Deter- 

f 







b = width = 0.06 m ! 
Free jet 


mine the flowrate when water is drawn up 0.10 m in asmall tube 
attached to the static pressure tap at the throat where the chan- 9.94 m3~ 0.10 m 
nel height is 0.02 m. (b) Determine the channel height, A, at 
section (2) where, for the same flowrate as in part (a), the water 
is drawn up 0.05 m. (c) Determine the pressure needed at sec- 
tion (1) to produce this flow. 


0.04 m 


Water 
B FIGURE P3.67 


(a) For steady, inviscid, incompressible tlw: (¥ = 12.0 1) 
2, , Vs Ww 
(1) Ah tag = f iE where £y 20, f, - m2 = 980x10, (0,1m) 
Also, X = -980 n, 
"Ag V5 = Ay Vy So that V, ES Mz 2M g 
Thus, Ean. ( I) becomes 


M 

— 960 à A Vy 
= Im. 

12.0 La "300.812 2 (9.9; ) 211812 209.91) ud h = Md 


2 


Hence , 3 
Q= Ay Vy = (0.04%mx0.06m) (23.1%) = 0.0554 = 


, Vig ite 3 
(2) (b) fe tF = iy iE where fa KP f =U ahs = 9, goxJo (0.05 m) 


- - 4904 
From pari (a), p= 23.1 i 


T hus, ra (2) becomes 


W . ipo FY 
125 T 2(9.8/-%) z) 204.81 22) 
But VA = Vy Ae 50 that 


(36.54) (0.06m)h, =(23.12) (0.06m)(0.0%m) or h, 20.0253 
D (© Als, Aah E+ ME where uo and AV, = Ap W 
But since A, =(0.0%mr0.06m) = A, then Y= Ve and Egn. (3) gives 
= Py e 


or V, 2 36.5 
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3.68 | 
3.68 Water flows steadily from the large open tank shown in 


Fig. P3. 68. If viscous effects are negligible, determine (a) the 
tlowrate, Q, and (b) the manometer reading, ^. 





(3) 
Mercury 
0.10 m owe 


BFIGURE P3.g 
ca) From the Bernoulli egvation, 
p, 30M * zi - p, tte +022 where f * fa*0, f 70, z, "m and 72-0 
T hus, 
SZ, -£zpk, or eg 2, tov, so that V, = |232, 


or —— 
V, zT2(9.8mf/s?)(4 m) - 8,86 m/s 
Hence, 


Q =A, V, = Z (o.10m) (8.86m/s) = 0.0696 m/s 


" 


(b From the Bernoulli equation, 
fa ' Ze A - fA ZOV +Ë R, where Z2= Z3 and p2 =0 
so that 
P, - ipM wl 


2. 2. 
Also, AzV, =As Vs sothat V A Vo -(#) Ve (2%) 8. 83m/s = 13.24 m/s 
Hence . 
fs = x (999 ky /m?) |(8.86m/s) - (134m/s) | = ~ 56.500 N/m? (1) 


Also, from the manometer, 

fs -h * e, y ( 2m+(0.08/2)m) 

-(133x10 Nim?) h 19,20x10 V/m? ) (2.0%) 

- 13axJ0? h + 4.29x/0* Mm? where h~m (2) 
Thys, from Eqs. (I) and (2): 


- L.4£xX)0* N/m* » -/32Y/9 h t 4,22 x105 fg 
0f 
h-2 0.574 m 


H 


n 





3.64 Water from a faucet fills a 16-02 glass 
(volume = 28.9 in.") in 20 s. If the diameter of 
the jet leaving the faucet is 0.60 in., what is the 
diameter of the jet when it strikes the water sur- 
face in the glass which is positioned 14 in. below 
the faucet? | Q 
(1) 
= 0,60 A 
Fe Pe ee. See yn 
Ko MUI Jo R$ * 
Wilh p, =p2=0 , Z, = 14i. , Z270 


Thos, 


| yr. Q 
V2 = 22( 2 55) where =A zz (2) 


or 
í f1 43 
V, = (229.9 in?) ( E 


($8) (203) 


Hence, 
-y gp 04268  _ f 
y= 2G2af (Hn PEE) = 6.674 





ë ft 
€ 425 A 


Bet, 
AV =A:V⁄ so that DVD V 
or Z H l 
E Z . 
MEA D, = Cora (0.50in) = 0.132 in. 
$ 


T 


3.70 Air flows steadily through a converging-diverging 
re ‘ctangular channel of constant width as shown in Fig. P3.70 
and Video V346. The height of the channel at the exit and the 
exit velocity are Hy and Vo, respectively. The channel is to be 
shaped so that the distance, d, that water is drawn up into tubes 
attached to static pressure taps along the channel wall is lin- 
ear with distance along the channel. That is, d = (d,,,,/L) x, 
where L is the channel length and d,,,, is the maximum water 
depth (at the minimum channel height; x = L). Determine the 
height, A(x), as a function of x and the other important para- 
meters. 





w FIGURE P3.70 


ff iz +d 0V = giz Std ple where Q = air density 
where 1 
Z-z,, fo=0, P=- inod =- Gyo pe X 


Thus, 

- Go Spas x *zpV -zpW 

But 

AV=A,%, or V= fey, 2 fey, so that 


J 


2 
-bno Mga x cde) e 
or 
p Wc dos SENS 
Ha l j 2 Base dea y: Typical shapes are shown below. 
ever JZ 





H/H, vs x/L 


— aa pe a I -——— HE 
7. 
| E 
| 9" 


c 
P $- 





H/Ho 
\ 
- 

lav 

J m 

^" 

= 

N 
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3.71 The device shown in Fig. P3.7/ is used 
to spray an appropriate mixture of water and in- 
secticide. The flowrate from tank A is to be 
QO, = 0.02 gal/min when the water flowrate 
through the hose is Q = 1 gal/min. Determine 
the pressure needed at point (1) and the diam- 
eter, D, of the device. For the diameter deter- 
mined above, plot the ratio of insecticide flowrate 
to water flowrate as a function of water flowrate, 
Q, for 0.1 s Q = l gal/min. Can this device 


be used to provide a reasonablv constant ratio of 
insecticide to water regardless of the water flow- 


rate? Explain. 


e i a = it A LM, where ^, 7 


2,70, Per and y=% with 


3 E 
Q,- 002 25, (228 34 ai) - we xto* E 


0.10 in. diameter 








Ths, 
T: 4 4 xJD aE buni 
2 g (205 F (2015 pf S 
Hence, 


fo=- 20M - 42%, =- lI SEBS (36.3 ID) - (62. dis )(o- 58) - - 13/0 4 


Now assume ff and neglect the kinetic energy of the insecticide 
compared to that of the water at C1). That is, 


S iz = £2, T t23, where 2,* 2. E V- ad LA. (1) 
T T 


E (Lia -3 [43 
25 1728 m6 2) (228) = 2.23x10 {E we have 
-3 f 
2.23x/0 
Y, = gue F = 40,9 ft so {hat Eq. (I) gives 
- /3/0 a 40,81ty. 
V = ( ) or y -54,9f 


62.942  — 2(32. 28) 232.28) ? 
Thus, "Zp *V-0 or 


L 4 
[249 7% [4 (2.23x10°£)]* Jy | 
D 4H- e T Z/9xl10 ~ 11 = 0.0863 in. 


With this diameter determine E wih 0!sQ«l got 


(con't) 
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(con't) 


From E. (D: 
p,* eM - ipw or wilh y- and 4-4 


A a Uo. sl = a 
£, = = 09 | 22 AF | = £ (194 =F) Q ken esi 
or 
ff = -2.62x10. Q* Ih 3 where Q^ {P (2) 
Also, trom £q.0) with p,=#, 


2 Va" 2 
0- 4t tA , or fi 20V - YA 


where 
h= R geg “EISI f vihe 
Thus, WT 
f=- + (1.94 $99) (8.15 xio* Qy gy — (62.42,)(0.5 ft) 
f= EMEC" Oy — 31.2 dh where QË (3) 
Combine £qs. (2) and (3) to give 
2.62410? Q? = 6.44 x10" Qi +31.2 
($j- 4. 07x|6 " — eorum , where Qv 
Thus 


3 =. 
i - 0.0202 1 | - HL , where Q^ ft (4) 


Plot Eg 0A) from Q= 0.1 8| = 2.2310" Jo Q=/ 94! =2.23x107 


in S 
Note: os - 0 when Q (119x107 98 = 3,95 x10 Æ 
With 4A <3.45x1 ote Eq. (#) gives the square root of a negative 
number — not physically possible. With Q«3.*sx/o0 * Eg, (2) gives 
fy =°31.2 Di, the minimum needed to draw the insecticide up the 


0.5 foot elevation to point (2) 










0.0 Tei LL llc pill lll llbbllbllblllli] — ——— o 
Gh EEH EHA EEE EEE EEE EEE EEE Ere SERS HH 
V oi E HIE e 
OO! Se TTE PERETE THE hera dope 
EEHEHE EEHEEHE 
o EE EN ; 
0.1 1 Ain 
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3.72 If viscous effects are neglected and the tank 1s large, de- 
termine the flowrate from the tank shown in Fig. P3.72 








FIGURE P3.72 


2. 2 
f tg t =T iz, where fi= +h = fh 


23 

" zZ,-0.7m j Z2 =o, and V, =0 

US, 
: 2. 
4h TE "3 or y = 29 (55) EZ) where E ui 7i 
and. 

2 

=A, = 74, Va. 
Thus, 


z | 
Q = 7 (0.050m) 2(1g12)( 0.81 (2m) + 0.7m) = 0.0132 & 


3,73 


(I) 


(2) 


(3) 






Oil SG = 0.7 
3.73 Water flows steadily downward in the pipe shown in Fig. 
3.73 with negligible losses. Determine the flowrate. 


- jmi e a t em an Aht p mee ee o 


i 1.5m ef; 
MA FIGURE P3.73 


From the Él equa Hon, ane 
f+ 2,4 ob -f +z d where Z -£,*2» 
and 7 

AV, *AM., or Z(27m)V = 2m) Ve 

Y -046?7V; 


Also, from the manometers 


f 7 oh, and f- - bi h toh, J where n - 0.74 
Thos 
fa. “fp, &(0.7h, th, ) - 


pct = ha -03 -2m-0,3(/.5m) = LSS Mm 
Now, from Es. (T 
p E E Vis y^ 
nono PAIN | 
which j when combined with Egs.) and (3) gives: 
B y“ 7 : 
2m -L85m * 2r 8 mi) (1-7 (0.594) ) 


0r 


» fn 
Vs 413 n 
Hence, 


= A, Ve = Etim) (4.13 ©) = = 3.24 


3.77 






0.5 in. Hg vacuum 

0.6-in. 
3.7% Air at 80 °F and 14.7 psia flows into the tank shown diameter 
in Fig. P3.74 Determine the flowrate in ft?/s, lb/s, and slugs/s. (1) Q 


Assume incompressible flow. 
ee 
et — 


FIGURE P3.74 


u^ £2 , ve 
AL tag tap tag te, where zem, queo, He? 


Thus, 
\, =-2¢ & Fan 
(/4.7 m) (1444 He) 23 deu sk 
| (mug f am) ) (ue 180)'R 
Hence, with £ = Sy, h = ed m) (e ft) = -35.3 a 


ft* 
lL 
E i-a lo 2 hi 
e s 2.2810? SHE M ym. 


Ihvs, i 
Q-A,V, x 94 f) (17« £) = o. 344 ft 


m = PQ = (2.28x/0 9? $272) (o. 344 f.) - z92xjó * $195 
and 

- (32.2 É )( 8x6 * slay _ 0.0254 Jb 
gm = i neu S 


where e = Í- 
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3,75 Water flows from a large tank as shown in Fig. P3.7.5. At- 
mospheric pressure is 14.5 psia and the vapor pressure is 1.60 
psia. If viscous effects are neglected, at what height, ^, will cav- 
itation begin? To avoid cavitation, should the value of D, be in- 
creased or decreased? To avoid cavitation, should the value of 
D» be increased or decreased? Explain. 





FIGURE P3.75 


MEE 4 NET TRES UR = : = 1,60 i 
-— 24 / where Lr =/4.5 psia , = 1-60 posa, 
Z, =h , Z,=0, and h=0 


Thus, , 

he * 22 (1) 
However, p. 

AV AW or = (ar) 

where 
e+e +z =f f+ -- T with -, andz,-o 

Thvs, 

x. 

29 

so that -—— ; 

Ew (CR Va = (42) h (2) 
2g 2g D, 


Combine Eqs. (1) and (2) to obtain 
(P “We Da 7 
: - Oe + D yh 


am V. URS Ht) UPPER) Leo) HEB) = ag 1.98 4 


rm -1 | 62.4 ez - ] $ 


From Eg.(3) itis seen that h increases in increasing D, 
and. decreasing Da, Thus, to avoid cavitation (c.e. to have 
h small enough) D, shovld be increased and D, decreased. 
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| 3.76 7" 


(1) 


| ad ETT 






0.4-in. diameter 
holes 


3.76 Water flows into the sink shown in Fig. P3.76 and Video 
VS.1 at arate of 2 gal/min. If the drain is closed, the water will 
eventually flow through the overflow drain holes rather than over 
the edge of the sink. How many 0.4-in.-diameter drain holes are 
needed to ensure that the water does not overflow the sink? Neglect 
viscous effects. 


FIGURE 3.76 


f+ Ho +z, = Ot (M ag, 3 Muy ger , V =0, and 2226 2=0 


y y 29 

TRUS... 

22 Eon Verg [oon (M92 ay]* 2.548 
Also, 


Q=nA,v, =n Ed? V, where n= number of holes required, 
d, -0.* i». and C = contraction coef. 


* 20.61 (see Fig. 3.14) 


d 


Thus, = 

= ( min v / 23l in- A. E -3 fF 
yr 2 Sal 7605. AA Taal )( 1728 in? ag?) = Bt Ss 
wu tti E 4 (4.46 rio Hs) 





7C. de V; T(D(SEVQ (aru) 3.30 
Thus, * holes are needed. 


S77 


3.77 What pressure, p,, is needed to produce a flowrate of 
0.09 ft?/s from the tank shown in Fig. P3.77? 


FIGURE P3.77 3.6 ft 





0.06-ft diameter 





i AQ 
Op tag + Be -H.a T Where f2 =P thh, =O 
Zp = 3.6 tt, Z3=90 

T hus and V,=0 
2, +%h 1i 
X + Zo = 22 
where Q-A,W =F D. V, 
or 

s dE ou «os f - aa dt 
V3 roe ~ loos)  7F 
Thus, 

V I5 v 1.9 £) 
P, = Q3 -z 2 2) - %h = (1.1 (62. taal ee -3.64| 
— 42. s de, (2.011) 

or 

: Ib _ 
P, = 746 p - 5,/8 Psi 


E PE d. 


3.78 Water is siphoned from the tank shown in Fig. P3. 78.De- 
termine the flowrate from the tank and the pressures at points 
(1), (2), and (3) if viscous effects are negligible. 





BFIGURE P3.78 


From the Bernoylli equation, 


pitek + Ù Z, TAETELA where po- f= 0, V =0, z, = 5f 


Thus and Z,-O0 | 
0%, 12/9 v V2 2 /e- EYE - V2(22.2 f. )(5fl) - 129«f 
Hence, 


- NN 2 ji. _ 3 
Q = Ay Vy = x II 299) - oin TE 


For f! f, 20V TZ, - Du * d plut H2, which with p, 20, 2,202 PH | 
and V= Vp (since A, =A) becomes l 
p= -UZ, = - (62.41/19) (8H) = - 499%, 


For, fotze Vy +02; = Pa tV +ë Z, which wrih fu 70, £470 Z,75f 
and y= Ve (since A;=Ay) becomes 
p, 7 - V7, - - (42. MP) (51) 9 — 312 1b/f* 


For f: Since Z,* £i and Va Vs id follovs that 
faf = -312 b/f 
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2777 mart 


(3) 
3.79 Water is siphoned from a large tank and discharges into CI) d 
the atmosphere through a 2-in.-diameter tube as shown in Fig. a | 4 
P3.79. The end of the tube is 3 ft below the tank bottom, and vis- pee a 
cous effects are negligible. (a) Determine the volume flowrate 1 hie eon S. TE 
from the tank. (b) Determine the maximum height, H, over "TE s u^ sje" 2-in. diameter 
which the water can be siphoned without cavitation occurring. RI ERE PAARE ee 
Atmospheric pressure is 14.7 psia, and the water vapor pressure AC cV areae 
is 0.26 psia. Co UPC NEN 1 
3 ft 
"FIGURE P379 i 
; ; 01 (2) 
(a) From the Bernovlh equa lion, i 


fd +z = = Ae tZ. Where p, “h7 20 and V,= Q, 
Thos, 


= £ tZ 
UAE Zi) = = (2)(32.24) (9H +344 227,¢H 
fen 


Q- AV, - Z(&n foz4lD - oor 


(b) From the Bernoulli gjinin, 


Gii +23 = ft Ve 3 where VaV since Q=A. Vb =AsV 


i and As. “Aly 
This, ae Z, Z, = H+H +H =H +I 


P; TY (Z,- Z2) = Pa 


where A /4.7 psa and pz = = 0.260514 
Hence, 


(62. 42) (H+12 44) = (14.7 -0.24)] m 


or 
He 21.2 fł 





| e 80 


0.37 m 





3.80 Determine the manometer reading, h, for the flow shown ^T o 
in Fig. P3.80 


enm t" Free 


ine, shee jet 





diameter (1) 


a 


0.05 m diameter 
FIGURE P3.80 


2 2. 
| "AA - +B +z, Where Z,* Z5 , |, "0, and 
V2 = 0 


Thus, 


fi = f2 
However, 7,=%h and ø2= & (0.37m) 


so tha 
h = 0.37 m 
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(1) 


(2) 


(3) 


3.81 Air flows steadily through the variable area pipe shown in | 


Fig. P3.81. Determine the flowrate if viscous and compressibility 
effects are negligible. 





From the Bernoulli equation 


FIG DES P3.81 
Vi V. 

Qu x rH, REL, lere zo. and V.7e 
an 
Q =A,V, 
Also, from the manometer 
fi +4. h j 4, "A Fa Uh) 
But P - la; .£0 tha} Eq. (3) becomes 
fa = = fi tO, or = =f + Sis 

rd 
Hence, " 2 (I) : Tu 


Ud Le ~ e dai 
or 
n, m. | 2 m 
E i) - 2(28/ 5s x) — s m) = 400-7 


Thus, from Eq, (2) 


L 3 
Q = 2 (02m) (40.02) = /,262 
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3.82 


3.82 JP-4 fuel (SG = 0.77) flows through the Venturi meter 
shown in Fig. P3.82 with a velocity of 15 ft/s in the 6-in. pipe. If 
viscous effects are negligible, determine the elevation, A, of the 
fuel in the open tube connected to the throat of the Venturi meter. 


V = 15 ft/s 


BFIGURE P382 


Lhat TEE ER. 


2g 
d “Y= IS tt 
Also, p = Ay Vo "1:5 i 


or 4 5 ‘bin 
V = 4 y, - (53), - 4 "(1s #) = 33,75 2 


Thus, with & =6 ff Eg (I becomes 
(33.75 #t)? zx] (/5 5 £L) A n 


Au te + 
f 2 (32.2.51) 2 (32.2 f) 7 
or 


ft = —-753 f} 
Bu! fi--h so that h= 7.53 fi 


CEE where 2,=O ,22= a Fe 





(1) 





3.88 | — 


3.83 Repeat Problem 3.82 if the flowing fluid is water rather than 
JP-4 fuel. 


Note from the solution to Problem 3.82. that the 


value of XY is nol needed. Thus, h= 753 ft for 
either water or JP-4 fuel. O 
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3.84 






FIGURE P3.84 


3.84 Oil flows through the system shown in 
Fig. P3.8* with negligible losses. Determine the 
flowrate. 





—— 





La ht UN 


Aa Mig PE a Where Z,-0 , Z4- 511, and 
Q 

Also, p=- 8 ue 
Thus, 
Life = 2,4 y where p 4 =p +h +n h (1) 

or 

ILI of euet A m 
with L 4 -5Í11l -h 
Thus, the manometer equation gives 


i - 5 ft +2 -1)h (2) 
Combine Eqs. (I and (2), vsing 22= Sit to obtain 


2 Pb (ey 











on 
Vy = 2:8 -|)(o.851) - £9; € 
Thos, 


Q - 4, V, =(20in?x OE E) (6.01) - 128 ft 


3.85 


3.85 Water, considered an inviscid, incompressible fluid, 
flows steadily as shown in Fig. P3.&5 Determine h. 





BH FIGURE P3.85 


p, * V5 *zoW* - p, tr Tz, d py? 
vere 4,20, Joa, 7a an (ole e a e n] 


Z (|f 
Thus, * 


p,* 029 2B) (5.09 ES = = fy + 624 (2H) 


or 
ff -hF / E (i) 
But from the um" 


fi -¥ (L434) + &(h+h) 7 


Lb - 62, 4B, (341) 462,4% iy h = fr 
ence, 
f 7f tlé7- 62.4h which when combined with Eg. (i) gives 


Pat 197 -62.¢h -fa 7/62 
or 


h = 0.400 H 
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3.86 Determine the flowrate through the submerged orifice 
shown in Fig. P3.86 if the contraction coefficient is C, = 0.63. 





FIGURE P3.86 


£L Ar 29 god E +2, where f, =9, 20, z,-*fl 


22 
=0 2 
Thus, : dert enl DE ann 
"A 

tt © 24) + — oe 
sa 2 (32.22) 

yy =/1.34 É 
so that 


Q =A, V. = Q Aa V4 =(0.63) F GZ AY ay $) =0.351 E 
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3.87  Aninexpensive timer istobe made from 
a funnel as indicated in Fig. P3.87 ‘Fhe funnel is 
filled to the top with water and the plug is re- 
moved at time ¢ = 0 to allow the water to run 
out. Marks are to be placed on the wall of the 
funnel indicating the time in 15-s intervals, from 
0 to 3 min (at which time the funnel becomes 
empty). If the funnel outlet has a diameter of d 
= 0.1 in., draw to scale the funnel with the timing 
marks for funnels with angles of 0 — 30, 45, and 
60*. Repeat the problem if the diameter is 
changed to ° 05 tn. 





Plug 
FIGURE P3.87 


LiM E Ai E +Z 


is £79, fh=9, 2 = 
zZ,=0, and V = -dh cV, 






Thus, "a Z (3 4 
L "ny which when combined with AY =A, Vy gives 
-A, =A,j2gh or srp = = 2 d*2gh (1) 


where R= = h tan@ 
THAN; Eg. (1) becomes -h Ja 9 2È ^ -.4 1227 


"dh - " xg di which can be integrated trom h=ho 


4: tan* 0 o 32 
3/2, d* 2g A p^ u d deg 
f dh E dur A or $h h, | T AEE 
o 
Thus, ra (2) 
la 2 
h = K = sd? Vag t Since h=0 when t= 3mm 
0 8 lan^o 
Ja (2:235) it follows that, = /808 
h^ = 1 which when combined 
Á 8 EE 2/5 with a A gives 
Sd? y2 (32.232) (1805) 2 = 2) ) (1805s) (| - 
~ g tan*O@ $) 


Or 


h = 15.2 (<a K (17 e) ” where h~ ft, dott, and tes 


For t=0,15 30, ..., /80s calculate h from Eg. with 

0 = 30,45 and 60° and d= 0.1 and 0.o5ın. The calculated dala 
for d=0.05 in. and 8=30de9. are shown in the tabje below. 
Other dala are graphed. — (con't) 
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Re Ta LIN ONS Er ooo) 
Lies! TTT TT er ccc) 
leet tL ET TT BRELLLLLLEITILIATLLULETLEFTTTITITITTTTTLEEU 
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(con't) 
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ad aoc cds 
a S ——L-L-LLLELLLLELECEHHELELELELLLLETLTTTLTTTTTTINSIT- SUT TT 
T) ENNESNSSSZSEZSEESEESSREBUSEZNEBRERSEHEHRESEESRNGUEBN. ALIA TT 
Lil L| ——4-4----H--LCCELEPHHHHEEHELHHEELLLELETTTFTTTTTITTNCPRPETH7A 
Oo Lil -HHH-H-HH-HHHHHHHHHHHHHHEHHHHHHHHEHHHELHEEEEHHZ LT NENNT: 
Oo -4-24----H--HHHEHHHHHHCHHEEEHELEGEEEEEEL TZ TZ TFTTTTDBH T TSSRKI- 
E M EHEEUSSRERHEEENERBEENHEEEEEERENEHEREEHESEENHEEENHENEER. 6 
Oo " LLLULELIFIITI-IUTS T 4 LIE Fe LEE I4 $3-F: zar LLA 
M 
o M) + " N = O 
i o O z+ Q Q Q 
(Ü ^ 
t < 
Pis 
£ cd c4 cM ce c c& a& ci à € n AO 
T BODOG OOGO 
eet i if te al re L s» 
CHM WWW Ww) ew [d p] 
e oc4 d edueggqiuiou0oo 
C 4 4^ooQ0t-oatcgcmmoono 
ALNWRUONMNANDAWAOO 
Oo QQQNOHNqeNdduado 
O -- -- - -- 4 — B6 RA 4 
N 
O 
Q 
Ii HOQO0OOGOOOCGCOOCOoOOG © O 
© O O 0 OQ 2 aooe O © 
Mov c m c e 
H vM (O0 4$ 4D C9 CO O QI O u$ 4D 0D 
QD Added de 
fx, 
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3.88 A long water trough of triangular cross 
section is formed from two planks as is shown in 
Fig. P3.88 A gap of 0.1 in. remains at the junc- 
tion of the two planks. If the water depth initially 
was 2 ft, how long a time does it take for the 
water depth to reduce to 1 ft.? 





FIGURE P3.88 


D ditas - Ve NI e £ |/ 


y 2g "7 d^ "2g "a (1) a) 


where 79=0, 7,70, 2,=h, and 22-0 
Also VA, "M Ab or since L>>ur f P" ay 3 
follows that V, <<Va , where V =- 
Thus , Egli) gives 

y= 22) so that 


E | oP = Ay 29h with A= bL=2Lh and A,= bw 
where b is the tank length. 






TMWS, 
-25 dh = bw J29) 


or 
jh dh = - w|£ 4! which can be integrated to give 
hel 


ty 
(edn = EG 
M? io 
= sree be A a 354 *%!/.4 
ty E Al heek] ~ 3 Tangy sek | A ii 


= 36.5 S 








"3.84 *3.99 A spherical tank of diameter D has a 
drain hole of diameter d at its bottom. A vent at 
the top of the tank maintains atmospheric pres- 
sure within the tank. The flow is quasisteady and 
inviscid and the tank is full of water initially. De- 
termine the water depth as a function of time, 
h = h(t), and plot graphs of A(t) for tank diam- 
eters of 1, 5, 10, and 20 ft if d = 1 in. 





Lat, tZ =< AXE. E 
where A7, 5 -70,2,-h, 21-0 and y=- << V, ifr>d 
Thvs, 
V, =/2 gh which when combined with AV, = Aa Vp gives 
-A, Bb =A, 24h or -m r° . £4? hgh (1) 


r 


where p?. p24(h -R)? 

with R= 5 =radivs of tank rk) EG 
2 

This, ee R*-(h-RY so that Eg (I) becomes 

-[R- (h-RY] &. - 4* ag) 


% _oR Z Ze d jg E) which can be integrated trom 
0 n T fhe initial lime and depth (66 
h=2R) toan arbitrary time and 


h t depth (th) as 
(0-a - LRE fai 
ZR P 


' &(H^ -GR*) - SR(Hé (ans) - C4 m 


Use d= rx ft and 27322 f£ and oh! A-A) fw 

valves of R = OS, 2.5, 5, and /0 f£ 

Note: J£ is easter to solve Ey.(2) as t=t(h) rather 
than h=h(t) 


Note: The time taken to empty the tank, t,, 1s obtained trom 
"à (2) with h=0 as 
t 


“V9 (con't) 
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(con't) 


Results of an EXCEL Program to calculate h(t) from Eqn. (2): 


B= tt D=5ft D = 10 ft D = 20 ft 

t, S h, ft t, S h, ft ts h,. ft ts h, ft 
0.00 1.000 0 5.000 0 10.00 0 20 
0.09 0.950 5 4.750 28 9.50 158 19 
0.35 0.900 19 4.500 110 9.00 620 18 
0.77 0.850 43 4.250 242 8.50 1370 17 
1.34 0.800 75 4.000 422 8.00 2390 16 
2.05 0.750 114 3.750 647 7.50 3661 15 
2.89 0.700 161 3.500 913 7.00 5163 14 
3.84 0.650 215 9.290 1216 6.50 6876 13 
4.91 0.600 274 3.000 1552 6.00 8778 12 
6.06 0.550 339 2.780 1917 5.50 10846 11 
7.30 0.500 408 2.500 2308 5.00 13055 10 
8.60 0.450 481 2.250 2718 4.50 15376 9 
9.94 0.400 556 2.000 3143 4.00 17782 8 
11.31 0.350 632 1.750 3677 3.50 20237 7 
12.69 0.300 710 1.500 4014 3.00 22706 6 
14.06 0.250 786 1.250 4445 2.50 25144 5 
15.37 0.200 859 1.000 4862 2.00 27502 4 
16.61 0.150 929 0.750 5253 1.50 29714 3 
17.72 0.100 990 0.500 5603 1.00 31695 2 
18.62 0.050 1041 0.250 5889 0.50 33311 1 
19.14 0.000 1070 0.000 6053 0.00 34239 0 


See next page for graphs of above results. 
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Water Depth vs Time Water Depth vs Time 
D=1ft D=Sft 
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3.90 When the drain plug is pulled, water flows from a hole in the 
bottom of a large, open cylindrical tank. Show that if viscous ef- 
fects are negligible and if the flow is assumed to be quasisteady, 
then it takes 3.41 times longer to empty the entire tank than it does 
to empty the first half of the tank. Explain why this is so. 


Q-AV=Bd*v =f (-4) 


tank 
where 
K^ E [29/ and Rank * E zx 
T hus, 
egi regn 
or 


h 2. 
in = ~¥9 (8) 4 
Integrate from h=H at t=0 fo halt: 


d T 
fr To (4 (^ 
or h 2 
27 -Ej 


or 2 
t =f (a) [T -1E ] 
This ro empty the tank, 
z "fe; Q2 qu VH 
ver to "e empty the tank, 


4l i; GJ [In - T 22 (Dy 
s "fg Ws 


e8 BOW ee 
A. gamle) Li-at ~ 24 
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¥3.91 The surface area, A, of the pond shown 
in Fig. P3.9 varies with the water depth, A, as 
shown in the table. At time t = 0a valve is opened 
and the pond is allowed to drain through a pipe 
of diameter D. If viscous effects are negligible 
and quasisteady conditions are assumed, plot the 
water depth as a function of time from when the 
valve is opened (t — 0) until the pond is drained 
for pipe diameters of D = 0.5, 1.0, 1.5, 2.0, 2.5, FIGURE P3.9/ 
and 3.0 ft. Assume h = 18 ftatt = 0. 





METIDO EA R AEE OEE E S Ea o OAE ELE LOTR o9 hl con 


h (ft) A [acres (1 acre = 43,560 ft? )} 
0 0 
2 0.3 
4 0.5 
6 0.8 
8 0.9 

10 1.1 
12 L.S 
14 1.8 
16 2.4 
18 2.8 





A Wz, = F +3 +22 where f =0, fh=0, Z=h, 2,=-34 
and V=- 22 «V, 
Thus, V; -422(h*3) which when combined with AV =A; V, 


Ves 


-A, 4 = Zi y22( 4. 3) where A, =A, (h) as given. 


This can be rearranged and integrated to give 


a x: = E 
(Agi =- 2g d =- 24 t =-£) 2x32.2 ft 
4 








18 fi T 
or d E 
t= 0188 f A i , where trs, A~t and h~tt (i) 


Note: It is easier to determine tasa fmncten of h rather 


than h as a function of t 


Note: t~ DŽ 
(con't) 


3-4] 


(con't) 


An EXCEL Program using a trapezoidal integration approzimation was used to calculate the results 
shown below. 








D=05ff D=10ff D=1.5f D=20ff D=25ff D=3.0ft 
h, ft A, acres A, ft ts ts ts ts ts ts 
18 2.8 121968 0 0 0 0 0 0 
16 2.4 104544 32181 8045 3576 2011 1287 894 
14 1.8 78408 59530 14882 6614 3721 2381 1654 
12 1.5 65340 82354 20589 9150 5147 3294 2288 
10 1.1 47916 101536 25384 11282 6346 4061 2820 
8 0.9 39204 117506 29377 13056 1344 4700 3264 
6 0.8 34848 132412 33103 14712 8276 5296 3678 
4 0.5 21780 145035 36259 16115 9065 5801 4029 
2 0.3 13068 153988 38497 17110 9624 6160 4277 
0 0 0 157704 39426 17523 9857 6308 4381 
The graph for D = 1 ftis shown below. The shape ofthe curve is the same for any D. 
Water Depth vs Time 
for D = 1 ft 
Er 
E Tre 
14 xi | i ——— 
12 i 
ef | [^X 
a, TO 
£ | | 
8 . | 
6 | 
CEN 
rs 
0 
0 10000 20,000 30000 40000 
ts 
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3,92 


3.92 Water flows through a horizontal branching pipe as shown in Va 
Fig. P3.92. Determine the pressure at section (3). A, = 0.07 mê 


| (2) P2 = 350 kPa 
A, = 0.02 m? 
ft (1) 
V,=4 m/s 
Py = 400 kPa 
A, =0.1 m? 


FIGURE P3.92 


Q,7 Q, * Qs Or V3 = SS where Q, = =A, V,= 0.m (9 S) 


ys 7072 
Also Qj A, V, where ALK +z -Yiz 
7J, with 2,=zZ2 

US, 
yookPa (2Y _ asokPa _ VŽ 
7.80 KN” 20.81%) $9045 2081% ) 
or 
V, = 70.78 & 
Thus, 
V, = Ae = 2.632 
rnek from 4.4 2g See As +2, with 2,223 
we obtain 


kN 
9.80 "m3 


P3 = ff tert ^e V) = 400 kf + ae) o6 
or 


f. =(400 +454) kb - 409.5 KP 


3439 


3.93 


P A2 2 0.07 tt? 
pP? = 5.0 psi 
3.93 Water flows through the horizontal branching pipe shown 
in Fig. P3.93 at a rate of 10 ft/s. If viscous effects are negligi 


ble, determine the water speed at section (2), the pressure at sec 
tion (3), and the flowrate at section (4) 








A3 = 0.2 ft? 
V3 = 20ft/s 
A, = 1ft? 

Q; s TOTIS 
pı = 10 psi 


a Ee P3.93 


From (1) to (2): £L s 5 42, = -& 4 ig +2, where Z,=22 , fy =/0psi, 

fro = 5 pst, and yo or 

Thus, with Y= eg f (105^ )/t8) » 10 

(io yu s), (10$) PY esh SE v2 
(1.94 e.) a ub 


zs or V, = 29.0 Ht 


From (1) to (3): f tos +Z,= ie t 


y 23 t2, where Z, =2, ff, = /0psi, 
Thus, V, 1084 and Y, = 208 
0287705 ,-U0EY 2 FB to fy 

£24 2 (32.2 ££) 52.4 Jo, 2 (32.2 Ë) 
or Il 
f£; = 150 via = 7.98 psi 

Also, T 


Q, = Q, - Q, - Qs E Q, - Ay Vp 


or 


Q,, = Jo — 


Aa Vig 


0.07 ff" (29.02) ~o2tt{2o#) = 3.974 ft 
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3.94 | 


3.9% Water flows from a large tank through 
a large pipe that splits into two smaller pipes as 
shown in Fig. P3.94 If viscous effects are negli- 
gible, determine the flowrate from the tank and 
the pressure at point (1). 





FIGURE P3.94 


fo + Me P ag The d e, where Q=0, f 20 , Vy 70, Zo 7m 


fins “4 and Z, = 4m 
J 
| -y24(25-£)- 42(98/A)(7- m = 7.672 


S imi] 


Also, 7 4, 
fos 3l Ve 
ag t Zo z +2, 


ft V= $- 


2 
f - r|z, 55 | - acon 3| 7p — 


or 
f = 57,9 kPa 


3775 


arl 
V, = 29 (20-2) = 7219.91 45) (7m) = 1.72 
Thus, Q=Q,+W, = ZX Wọ +7 
or 
Q - Z|(acam* (2472) «(0.02m) (1L.722)] 


D- a 


(453 2 Sa 


2 (9,81%) 


m 


-_ 


N D 
= 9 /0 x/0 Ju 


where g,-0 and 
2,0x/0 ? -2- m 
Z (0.05 m). 


9 244634 


| =5.72x1 X 


3965 


3.05 An air cushion vehicle is supported by 
forcing air into the chamber created by a skirt 
around the periphery of the vehicle as shown in 
Fig. P3.4.5 The air escapes through the 3-in. 
clearance between the lower end of the skirt and 
the ground (or water). Assume the vehicle weighs 
10,000 Ib and is essentially rectangular in shape, 
30 by 65 ft. The volume of the chamber is large 
enough so that the kinetic energy of the air within 
the chamber is negligible. Determine the flow- 
rate, QO, needed to support the vehicle. If the 


ground clearance were reduced to 2 in.. what 
flowrate would be needed? If the vehicle weight 
were reduced to 5000 Ib and the ground clearance 
maintained at 3 in., what flowrate would be 
needed? 

Fan 


M- ue 


Vehicle 
ER G T A WESS Bs Ja 
PPP VA 


"d 
3 in. 
FIGURE P3.95 


To support the load ^7 3 where W*- vehicle weigh! 


Also, 
2 2 
fa Map o Rai, 


so that 
Vo 7 |^ or V. =|- ie 


0 


and A,=(30ft)(6stt) = 1950" 


where 725-9, ^ =0, and 2,722 


With h= ground clearance jt follows that 


Q =A, V, = 2h(L+b)V, 
Thus, 


or 


where L=65#t and =30ff 


ZW 
Q = 2h (sst Set) trgsoTP 2. 30x10 SB) 


Q=/24%7h) Ww ir where h^fl and W- b 
Thus, if h =7% #4 and W=/9 000 jf , hen Q= 3 20 


i{ h= fi and W=/0,00015 | then Q 
and if h= eft and W=5 000/b , then Q 


3 


3 
2 oao + 


M 





il 


f1? 
2 200 zr 


Q6 
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3.96 Water flows from the pipe shown in Fig. 
P3.96 as a free jet and strikes a circular flat plate. 












"p (2) 
The flow geometry shown is axisymmetrical. De- , E Diis V 
termine the flowrate and the manometer reading, \ ) 
H. | 0.4 mm 
(1) 
0.01-m 
diameter 
Pipe 


fe 


FIGURE P3.96 


£i + tb 4 oe faM A tz, f where A-9, f^.7*9, 2,*0, gnd Z= 0.2m 





A 
X. +Z h 
29 ~ zg *#2 where AV =A V =ọ (1) 
Fuy Aa 7D, b y — 4D, h 4 (0.Im)(* xl m) y 
NOAS For ^ N77 (oum? h/V 


Hence, Eq. (I) gives 
(1.60%, )° = Vz? +2.(9.8142) (0.2m) op V,= 1592 


Sot 
Q =A V = WT (0.1 m)(4¥X/0 m) (1.592) å 2.00x10 “2E 
Also, ; 


fl E tZ, = Eth (1 sg, , where ,0,z,*0.2m, M - ^40 V, 
Thus or V = /.60 (592) = 2.542 and p,=0 


He fos Mig = (2.542) 


-0.2m = 0,129 
Ü 2 d * 2(9.8/ 4) eee 
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— = 
Disk iii 


3.97 Air flows from a hole of diameter 0.03 m in a flat plate as dji 
shown in Fig. P3.97. A circular disk of diameter D is placed a — 
distance ^ from the lower plate. The pressure in the tank is 
maintained at I kPa. Determine the flowrate as a function of h if 
viscous effects and elevation changes are assumed negligible 
and the flow exits radially from the circumference of the circu- 
lar disk with uniform velocity. 


0.15 ——* 


NI Es 












(Op = 1.0 kPa 
FIGURE P347 
— / 44 E " 
where f,- BR, 70, Z7 2, 


P ^2 29 
Thus s; 
J a 
lw ede. .. 2 ( 1x/o? E.) p m 
Va = P 4 pas OPE 


so that 
Q-A,V, - TO, bM, - 7 (o./sm)h (403-2) 
Or 


Q= /7.0h fe where h~m 
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3.98 | 


3.48 A conical plug is used to regulate the air 
flow from the pipe shown in Fig. P3.98 . The air 
leaves the edge of the cone with a uniform thick- 
ness of 0.02 m. If viscous effects are negligible 
and the flowrate is 0.50 m?/s, determine the pres- 
sure within the pipe. 


Q = 0.50 m3/s 
i 





AA (2) 
FIGURE P3.99 002m” % 
V 


z 2 
fi. TE: 
bartza y¥ tag +2 where Z,=2Z2 and f~2=0 


y ' 2g 27 
Also, : 
Nu ANTT. 
V * ig Z (0,23m)* Os 
an " 
So HNIC ton Se gC cere, -/992 
2 Ap 2mhRh  27í(0,.2m)(o.02m) P 
Thus, 


2. 
f£ --e(W-W)s-z(023 “2, )(19.9°- 12.0*) 9, = /554, 
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3.99 







3.99 Water flows steadily from a nozzle into a large tank as shown 
in Fig. P3.99. The water then flows from the tank as a jet of diame- 
ter d. Determine the value of d if the water level in the tank remains 
constant. Viscous effects are negligible. 


AZ 
(1) T tig E^ F + og t72, where Z, “Z; and fa =0 
Also 
KH and AV SAM. 
Or 


Zb'Vy-Zb' y so that 


T 


af Dow «f CMH fy — 
Thus, trom Es. (1) and (2) 
y^ ue 
E. 2 X B 
ty 129 T LE 
€ (Ww -V^) _ (1-(0.4#4) ) Vo 
4H = 29 "20813 TH) 
Hence, 
V2 A s 
so that 3 
Q-A V, » Z (108 (77.4 E) 20.107 £- 
Also, 
a = Q where (» "A Vs and V beg z 2[32.2£ SGH - 1f) 
= //.35 Ë 
Hence. 
Ir q* (1.35 Hj - 0.1407 f 
or 
d=0.126 ft 
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3.100 A small card is placed on top of a spool as shown in 
Fig. P3.100. Itis not possible to blow the card off the spool by 
blowing air through the hole in the center of the spool. The 
harder one blows, the harder the card *'sticks'' to the spool. In 
fact, by blowing hard enough it is possible to keep the card 
against the spool with the spool turned upside down. (Note: It 
may be necessary to use a thumb tack to prevent the card from 
sliding from the spool.) Explain this phenomenon. 


E FIGURE P3.1I0OO 


As the air flows radially ovtward in the gap between the card and 


the spool st slows down smee the flow area increases with r, the 
radial distance trom the center. That IS, 


If viscous effects are not important, h M un 





then 2 "ZZ ZZ 7 
AE „Perit, Vexi Z 
t tag = constant = P + out A 
or Since fexit =O (a tree jeu it k 
follows that 


lexi 






Q = 27rrh Vor V= oo (see the figure), L exit = (1) 
r^ a 
V 


fe = £0 (Vers -V*) , where trom Eg. (1) " - VGS fiz -4 


But fy >F so that p< 0, There 1s a vacwm within the ap. 


The card is sucked against the spool. The harder one blows throvgh 


the spool larger@), the larger the vacwwm, and the harder the card is 
held against the spool. 
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3.101 — Water flows down the sloping ramp 
shown in Fig. P3.l0! with negligible viscous ef- 
fects. The flow is uniform at sections (1) and (2). 
For the conditions givenshowthatthree solutions 
for the downstream depth, /;, are obtained bv 
use of the Bernoulli and continuity equations. 
However, show that only two of these solutions 
are realistic. Determine these values. 


2. 2 
fL. vg vu Ne + Z 


2g 2g 

Aiso, Mu V 

malog) _ 10 
Y, - Ly = a 
Thus, 5 (i) EEL ; 

( 10 £.)* PIA x (5) 

2 (32.2 £&) " 2(322&) 
or 


644A, - 29345 


+/00 =O 


(1) 





Pa Phy 
Vi 210 fts—HÉ hi = 1 ft 


t PI" -——— 
- —— om o tm 


H-28| 


FIGURE P3.10] 


(1) 
where £,*0, (f 70, 2, 3fl, 


and Z3 = h3 


+h, 


By using a root finding program the three roots to this cubic 


equation are found lo be: 
h, = 0.630 ff 


ha 
or 
h,= anegative root 


U 


4,449 ff 


C learly it is not possible (physically) 


lo have hz <0 Thus, hy = 0.6304 or 


3-/02 


h, -478 H 


3.102 Water tlows in a rectangular channel that is 2.0 m wide as 
shown in Fig. P3.102. The upstream depth is 70 mm. The water 
surface rises 40 mm as it passes over a portion where the chan- 
nel bottom rises 10 mm. If viscous effects are negligible, what is 
the flowrate? 





FIGURE P3.102 


2 
DL. do +Z = LE i, where £179, f2=9, 2,=9.07M, (I) 
29 and 2 = ( 0. 0l ad die 5 Q./! m 


Also , AV =A. 


E O.0 
AL .O.07m = 
Vo = h, V= AT V, 0.7 V, 


Thus, Eg.) becomes 
[1- 0.77] V*=2(1.81 52) (0.1 -0.07)m or V = TO ae 
Hence, 


3 
Q=A,V, = (0.07m)(2.0m) (1-242) 2 0,174 
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*3.103 Water flows up the ramp shown in Fig. 
P3.103 with negligible viscous losses. The up- 
stream depth and velocity are maintained at h, hy = 0.3m zm 

—» V, 


= 0.3 m and V, = 6 m/s. Plot a graph of the (1) 
downstream depth, h., as a function of the ramp V; =6 ee 
height, H, for 0 = H Ss 2 m. Note that for each i d 


: H 
value of H there are three solutions. not all of 





which are realistic. FIGURE P3.103 
a "n = Les (1) 
/ 23 = m 
tote, =F e zs where f,-0, f -0,2,-03m, 
and Zo = Atha 


Aso AV =A Ve so that 


Vo ES y = [est ds Imet = -- where h,^m 


Thus, Eq. (1) becomes 


L8 
os +0.3 m = CUS or with Ws 


(6a) * 2($81 5x )(o.3 -H-fh,)m = AB) me 

which can be written as’ 

hy - (2.135-H) hy +0165) =O (2) 
For O<H<2m solve £e. (2) for h, 


Rather than solving a cubic equation for ha (give I), one 
can directly solve for H (given h, ). From £o. (2): 


hy 


A graph ot Eg, (2) or (3) is given on the following page. 


(cond) 


3 -104 


(eon) E 


The results of an EXCEL Program to calculate H for given values of h, are shown below. 





















































ha, m p m 
Gis 0.001 Water Depth vs Elevation Change 
0.4 0.703 
0.5 0.975 
06 1.076 A emer 
0.7 1.098 
0.8 1.077 2.0 <a | i 
0.9 1.031 | | | 
1.0 0.970 1.8 ERE COE f r 
A sol 0.899 | | 
t2 0.820 1.6 - 1 7 
ju 0.737 | 
ak: l N = į 
1.4 0.651 14 - | | 
1.5 0.562 | 
1.6 0.471 E ia | 
1.7 0.378 3 
1.8 0.284 Eae 
1.9 0.189 
2.0 0.094 Dic penectus 
pA -0.002 
0.6 - | 
| 
esie aes 
0.2 e | | 
| 
| I 
0.0 1.098 
0.0 0.2 0.4 0.6 0.8 1.0” T2 
H, m 


For Hz1.098 m there are no real I positive roots of Eg. (2), 
Thatis, for the given upstream conditions (V,=6 and h,= 03m) 
we must have He |.099m. It would not he possi ble to have 
the flow go yp a ramp of greater height than this without 
increasing either V, and/or h. The two possible water depths 
for a given H are plotted above. 
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3.105 | res 


3.105 A Venturi meter with a minimum diameter of 3 in. is to be 
used to measure the flowrate of water through a 4-in.-diameter 
pipe. Determine the pressure difference indicated by the pressure 
page attached to the flow meter if the flowrate is 0.5 ft*/s and vis- 
cous effects are negligible. 





f | D, =3in. 
D, = Hig. 


= A Eff =f) wh = 0,52 and p =/,9¢ RE 
V7 ^ Veri-m ay] s tere 6709 anm poit n 


Thus, since Aa M, = (Da /b), 
; I LE (Ray asf pe 
0,5 nm oa yz fi 
4. (Tz ) (],94 SUT) P ( 3in. / ia. ] 


or 
T: 
(fe = 68.8 Sep «80 (TR VM 2 60-8 hh 





3-/06 






a 8 p> = 550 kPa 


p 

3.106 Determine the flowrate through the Venturi meter shown 

in Fig. P3.1061f ideal conditions exist. Q i 
i | 


y = 9.1 kN/m3 
FIGURE P3.10& 


tts ig, -faii iz, 


2 24 where Z3 and AV, - AV, 
or 
Az _ f D2 s 
Thus, pw = a Me = Coe) Ve 
A, O) AS 
o 2g fg 29 
or 





(735 -5so)kPa ` 






CEA 






y= 2 3 =: 2(2.9152) EZ KA) -2,54m 
age = | 2008) (BY say 
HY d i:-Qu 


so that 
Q =A, V, = ED; =F (0.0m) (21.5 2)= 6./0x/0> 4m 
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| 3.107 


3.107 For what flowrate through the Venturi meter of Prob. 

3.)06will cavitation begin if p, — 275 kPa gage, atmospheric Q j 
pressure is 101 kPa (abs), and the vapor pressure is 3.6 kPa ——» 

(abs)? i 


y = Sl kN/m3 


l 2 p^ 
(1) T tz, =f een, where 7-2. ,f = 3.6 tabs 
and ff =(275+/01)k Palabs) 






Thus, with A, y = A, Vz = 376 kPalabs) 
or 2. 
y =(=) El) becomes 
f Y: m 376 73.6 kPa 
NEG. us ) E 2(2815*) OT kins 
à p Da)” /9 nm \* 
) |) 
| or 
V, - 30,6 2 
| 
T hus, 


. = 3 
QAM = FOL Wy = dE (oor m) (30.6 $) = 8.68 x10 
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Qr Or 


3.108 What diameter orifice hole, d, is needed if under ideal 


. conditions the flowrate through the orifice meter of Fig. P3.108is Q | d 
to be 30 gal/min of seawater with p, — p, — 2.37 Ib/in.? The ap 2-in. 
contraction coefficient is assumed to be 0.63. Y 
FIGURE P3.1!08 
aem . f£ V (1) 
Fi + a oe "ae "x Where 2,=Zo , C,= 0.63, 
and = 22.37p0s54 
With EH FÉ fe 
g | min \/23 In: 
Q =(30 gal) 605 )G i qal 45) -0.0658 5: S and f= 64.015 
i Fol iy ows that £43 
V B O.0O 668 -g- 2.04 ff 
A = Breet = 3,06 fi 
F (f E 


Thus, Eg) MET 


E 
t ali + 2g (Lh - (3.06) ) +2(322.2 IR 


40 4 
650 Ts 
or 


V, = 18.8 2 
Thus, since 
Q-A,L GA, it follows that 


3412 

4Q 1/4 4 x 0.0668 5 

= ES ae a O 4 = fy 
d | Feie | | Fee A UPOP7 TT = 1016 aA. 


3-109 


p Eth a. 
Eu T. 
3.109 Water flows over a weir plate (see Video V10.13)which Z UT "Qr y t 
has a parabolic opening as shown in Fig. P3,108, That is, the i Em | 
p pening g h 


UE ees 


Opening in the weir plate has a width CH’”, where C is a con- | ü 
stant. Determine the functional dependence of the flowrate on F0 
the head, Q = Q(H). M MM E 


P3.104 






Q = fu dÀ where u is a function oth. à 
` 2 2 PE V =U 
That is, from Æ +4 +2, 2 £e uz, with 1,2 
5 22 i 2g 2-9 (tree jet’) 
and 2,=H-h 
or y^ u^ 
(H -7,) tse +z, =O +59 + (H-h) 
Thus, 
Y= Jzgh +v A LL if V r5 "small" 
Also. 
af = C V2 dz (i.e. dÌì20dz2 for z-0. dA - CUM for z=) so Mat 


Q= (tg Th clz dz where h=H-z. 
go 


H 
Thus, Q= clzg (Tzi-z: az where 
5 z-// 


H 
[ete Z[o- yir + (Hsin z-a] 
0 UT 
which reduces 1o: 
< ZEY H? That is Q~H? 


Alternatively, Q= VA where the average yelocity is proportional 
to Vi (i.e. V~V2gH ) and the total flow area, is proportional 
to H* (ce. A~ Hx (CHE) = CH), Thus, 


Q^ Pog (CH™) = CVag H" 


That is, Q~ HŽ as obtained above. 
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3,110 


3.110 A weir (see Video V 10.13)of trapezoidal cross section 
is used to measure the flowrate in a channel as shown in Fig. 


P3.1I0 If the flowrate is Qy when H = €/2, what flowrate is ex- 
pected when H = €? 





. FIGURE P3.1!0 


Q=AV where itis expected that Vis a function of the head, H. 
That is, V~y2gH 


Also, from the geometry A=ZH(LtL,) where h=ht2H tan 
Thus, A= H(L + Htan30°) so that 


Q -C, (za (p+ H tan30) Aa where C, is a constant 


Let Q, = flowrate when H= £ 
and Wy= flwrate when H=2 


Thus, J 3, 

Qo » C24 (44 £ fan30")(2) _ (I+ x tan30°) E 

QOS CNIG (L+ L tan 30°) (2)°2 (1+ tan 30°) (272) ~ 0, 289 
or 
Q,- 3.95 Q, 
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3.1 The flowrate in a water channel ISSOme- 
times determined by use of a device called a Ven- 
turi flume. As shown in Fig. P3.141, this.device 
consists simply of a hump on the bottom of the 
channel. If the water surface dips a distance of 
0.07 m for the conditions shown, what is the 
flowrate per width of the channel? Assume 
the velocity is uniform and viscous effects are 


negligible. 





0.2 m 
FIGURE P3.11l 


(I) 
T. EE ER z^ with f =0, 57), z,-^2m, 
and Z2 = /4.2m-0.07m = |. 13 n 


Also, A,\y = Aa Vi. 
: hi sdam Wo 
x Wt ~ (1.2-0,07-0.2)m earl 


Thos, de T (1): 


2. 
i TE n p ti OF [u.22f -1]M* - 2(681 55) (1.21.13) m 
- m 
Senca, ne 
7 ^M = (1, ¥38 2) (1.2m) =/,73 & 
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3.112 Water flows under the inclined sluice gate shown in 
Fig. P3.12 Determine the flowrate if the gate is 8 ft wide. 





| 
Y e 
d l ft 
BIXXIR iaa ini a 


P3.12 


Z 2 
fh + i tZ, - fz. Ve +22 where P 20,5570, £,- &ff 


t 2 
Thus and 22.2 If} 
2 2 

teH = IE LH (1) 
Bot A, V, =A; Vz Or 

i 1 
V= Ay = Sty, =6V, 
Hence, Eg. (I) becomes 
^m NAE 
B + Off u t Ifl 
or ; y 
[€-1]1V* - 2(32.25:)(6-)H o V esos 
Hence, 


Q-AN = 64 (81) (3.03 #) = past 
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ENTE 


Q-02-7 
3.113 Water flows in a vertical pipe of 0.15-m 

diameter at a rate of 0.2 m/s and a pressure of 
200 kPa at an elevation of 25 m. Determine the 
velocity head and pressure head at elevations of 


l Z,-S5m z (2) 
20 and 55 m. 
; M D-045m | Ff 
ye A IT (0.15m)* M33 Yo A 
t Z=25m | «| (1) 
2 00 kPa 
At point (0): ix n Z, = 20m | « | (0) 
Me (11.35) 4.5] 
ame E G. m 
an 2 2 
Melen- Prga or fo = +z -Zo 
Or 


kN 
0 200 75i 


? "9.80 kA + (25-20)m = 25.4 m 


Similarly at a (2): 
We... 
2g 29 = 6.5/M 








and 
FF Btn = Ht i. or fe = É 43-2 
"n 200 +4 
2-:-———m7* 4 (25-55)m = -9.59 mM 
w 7.8052 ( —== 
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3 AS4 


3.14% Draw the energy line and the hydraulic grade line for the 
flow shown in Problem 3,78 





BFIGUHE P378 


For inviscid flow with no pumps or turbines, the energy line ıs horizontal 
al the elevation of the free surface of the tank. The hydravlic grade 
line is one velocity head , Vg, below the energy line. Since 


Vy = /29 (z5-£4) if follows that the hydraulic grade ling is 

Vy /og = (Z,- Zu) = 5 ft below the free surface atthe exit of 

the pipe. Also, since the pipe is a constam diameter, the velocity 
is constant throught the pipe. Hence, the hydravlic grade line is 
horizontal st below the froe surface. Mofe thaf since te 
pipe is above the hydravlic grade lihe, the pressure throvyhovt 
the pipe is less than al mos pheric. 


Hydraulic 
grade line 





Ras 


| 

| 

| 315 Draw the energy line and the hydraulic grade line for the 
flow of Problem 3.7-5 





FIGURE P3.75 


For inviscid Flow with no pumps or turbines, the en ergy line 
is horizontal a distance 4 above the outlet . From Froblem 2.75 
we obtain h =1.79 #. 


£ 
The hydravlic grade line is L below the energy line, starting 
at the free surface uote |; *O and ending al the pipe anid 
where 70,=0 and 3a 29 V -h. Ai point (1) the pes head 


i gw - (288-/45)]b (o1 Ie) 624 fa = -268 f 
and Z, =0. 


2 
In ihe 4. pipe V = As V/A; -(z) V, so lal 
| V :( ) 46 -(2)h =(2) (1.7940 =0.//2 ff 





29 27 
The corresponding EL and HGL are drawn to scale below. 
M -0.112 fi 
ae (0) eee es —P—————— L——À c Energy Line (EL) 
is (3) E C1)’ (2) 
E A. Sod ES Zz =O 
2 


Hydraulic Grade —~ 
Line (HGL) 
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3.116 Draw the energy line and hydraulic grade line for the flow 
shown in Problem 3.64. 





B FIGURE P3.67 


For steady, inviscid flow with no pumps or turbines the energy line 
js horizontal, a dislance of itf - Lar flt fl es. 3! tt above the 
outlet, (See solvtion to problem 3.44 for valves of h, Pz Va; and fs, Vs.) 
The hydraulic grade line is one Velocity head, Vag, below the energy 


line. 
Thus, wilh V /2g-20, Va'/ag = (41.75) /(2 (32.2 By) = 27.0! 
and \4'/eg, =(/8,S BY K2(22.28)) = 5.3/4 


the Following EL and HGL are obtained: 


i Energ y Line (EL) 






git Hydraul ic Grade Line (HGL) 


| 
| f 1.23 
| | 
| | 
| | 
| | 
WoA 


Note: E& =-s44d, / (62.4 16) 2 23.44 
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3.118 Pressure Distribution between Two Circular Plates 


Objective: According to the Bernoulli equation, a change in velocity can cause a change 
in pressure. Also, for an incompressible flow, a change in flow area causes a change in ve- 
locity. The purpose of this experiment is to determine the pressure distribution caused by air 
flowing radially outward in the gap between two closely spaced flat plates as shown in 
Fig. P3.116. 


Equipment: Air supply with a flow meter; two circular flat plates with static pressure 
taps at various radial locations from the center of the plates; spacers to maintain a gap of 
height b between the plates; manometer; barometer; thermometer. 


Experimental Procedure: Measure the radius, R, of the plates and the gap width, b, 
between them. Adjust the air supply to provide the desired, constant flowrate, Q, through the 
inlet pipe and the gap between the flat plates. Attach the manometer to the static pressure 
tap located a radial distance r from the center of the plates and record the manometer read- 
ing, A. Repeat the pressure measurements (for the same Q) at different radial locations. Record 
the barometer reading, H,,,,, in inches of mercury and the air temperature, T, so that the air 
density can be calculated by use of the perfect gas law. 


Calculations: Use the manometer readings to obtain the experimentally determined pres- 
sure distribution, p = p(r), within the gap. That is, p = —y,,h, where Ym is the specific 
weight of the manometer fluid. Also use the Bernoulli equation (p/y + V?/2g = constant) 
and the continuity equation (AV = constant, where A = 2zrrb) to determine the theoretical 
pressure distribution within the gap between the plates. Note that the flow at the edge of the 
plates (r = R) is a free jet (p = 0). Also note that an increase in r causes an increase in A, 
a decrease in V, and an increase in p. 


Graph: Plot the experimentally measured pressure head, p/y, in feet of air as ordinates 
and radial location, r, as abscissas. 


Results: On the same graph, plot the theoretical pressure head distribution as a function 
of radial location. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 





& FIGURE P3.118 


(con't) 
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(con't) 


Solution for Problem 3.118 Pressure Distribuition between Two Circular Plates 


Q, ft^3/s R, in. b, in. Haw, in. Hg  T,degF Yu2o, Ib/ft^3 
0.879 9.0 0r 125 29.09 83 62.4 
Experiment Theory 

rin. h, in. p/y, ft V, ft/s p/y, ft 
0.7 -9.05 -663.75 220.8 -740.7 
ta -6.02 -441.52 15:2 -387.2 
1.6 -2.02 -148.15 107.4 -163.1 
200 -0.96 -70.41 80.6 -84.7 
2.5 -0.48 -35.20 64.5 -48.4 
3.0 -0.24 -17.60 99. -28.7 
345 -0.13 -9.53 46.0 -16.8 
4.0 -0.03 -2.20 40.3 -9.1 
4.5 -0.01 -0.73 35.8 -3.8 
5.0 0.00 0.00 223 0.0 


P = Pam’ RT where 

Patm = yug Haw 7 847 Ib/ft^3*(29.09/12ft) = 2053 Ib/ft^2 

R = 1716 ft Ib/slug deg R 

T = 83 + 460 = 543 deg R 
Thus, p = 0.00220 slug/ft*3 and y = p*g = 0.00220*32.2 = 0.0709 |b/ft*3 
p/y — Yuzo*h/y 


V 7 Q/(2xrb) 7 0.879 ft^s/(2*3.1415*(0.125/12)ft"r) 


Problem 3.118 
Pressure Head, p/y, vs Radial Position, r 








-200 4 
c | * Experimental | | 
i i — Theoretical || 
a LE E 

-600 

-800 - 











3.119 Calibration of a Nozzle Flow Meter 


Objective: As shown in Section 3.6.3 of the text, the volumetric flowrate, Q, of a given 
fluid through a nozzle flow meter is proportional to the square root of the pressure drop 
across the meter. Thus, Q = Kh'’?, where K is the meter calibration constant and A is the 
manometer reading that measures the pressure drop across the meter (see Fig. P3.119). The 
purpose of this experiment is to determine the value of K for a given nozzle flow meter. 


Equipment: Pipe with a nozzle flow meter; variable speed fan; exit nozzle to produce a 
uniform jet of air; Pitot static tube; manometers; barometer; thermometer. 


Experimental Procedure: Adjust the fan speed control to give the desired flowrate, Q. 
Record the flow meter manometer reading, ^, and the Pitot tube manometer reading, H. Re- 
peat the measurements for various fan settings (i.e., flowrates). Record the nozzle exit di- 
ameter, d. Record the barometer reading, H4, in inches of mercury and the air temperature, 
T, so that the air density can be calculated from the perfect gal law. 


Calculations: For each fan setting determine the flowrate, Q = VA, wherc V and A are 
the air velocity at the exit and the nozzle exit area, respectively. The velocity, V, can be de- 
termined by using the Bernoulli equation and the Pitot tube manometer data, H (see Equa- 
tion 3.16). 


Graph: Plot flowrate, Q, as ordinates and flow meter manometer reading, h, as abscissas 
on a log-log graph. Draw the best-fit straight line with a slope of 4 through the data. 


Results: Use your data to determine the calibration constant, K, in the flow meter equa- 
tion Q = Khi/2. 


Data: To proceed, print this page for reference when you work the problem and click fre 
to bring up an EXCEL page with the data for this problem. 








Pitot tube 
manometer 


Flow meter 
maometer 





fe Pitot static 
— i tube 


Exit area = A 


Nozzle flow Exit nS. 
EU 8 FIGURE P3.11q 
(cont) 
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Solution for Problem 3.119: Calibration of a Nozzle Flow Meter 


d, in. Ham: IN. Hg T, deg F 


1.169 29.01 75 

h, in. H, in. ^p, Ib/ft^2 V, fUs Q, ft^3/s 
1146 9:6 29.1 162 1.20 
11.1 9.4 28.1 159 1.18 
MO of 5.2 27.0 156 1.16 
10.1 49 25.5 191 1. 18 
aG 4.7 24.4 148 1.10 
8.8 4.3 22.4 142 1.06 
7:9 6.9 20.3 135 1.00 
TZ 3.6 18.7 130 0.97 
6.1 3.1 16.1 120 0.90 
5.4 2.7 14.0 112 0.84 
45 2/9 12.0 104 0.77 
3.8 2.0 10.4 oF 0.72 
2.9 1.9 7.8 84 0.62 
ZI ie 9.7 72 0.53 
1.0 0.6 3.1 53 0.35 


P = Pam/RT where 
Pam = Yng Haim = 847 Ib/ft*3*(29.01/12 ft) = 2048 Ib/ft^2 


R = 1716 ft lb/slug deg R 
T = 75 + 460 = 535 deg R 
Thus, p = 0.00223 slug/ft*3 
V 7 (2*Ap/p)'? 
Q = AV where 
A 2 nd^/4 2 1*(1.169/12 ft)^2/4 7 7.45E-3 ft^2 


From the graph, Q = K h’? = 0.358 h? where Q is in ft?/s and h is in in. 


Thus, K = 0.358 ft?/(s*in. "”) 


(cond) 


3-12] 


(cont) 


Q, ft*3/s 


10.0 


0.1 


Problem 3.114 


Flow Rate, Q, vs Manometer Reading, h 


pd See qn H HE. 


Cet di 
d- cr 
be | | 





| € Experimental | 


C Ee 
EEE The best fit equation 


EH us | ||| with a slope of 0.5 is 


=á 
pr 
e 
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Q = 0.358h°°° 


3,120 Pressure Distribution in a Two-Dimensional Channel 


Objective: According to the Bernoulli equation, a change in velocity can cause a change 
in pressure. Also, for an incompressible flow, a change in flow area causes a change in ve- 
locity. The purpose of this experiment is to determine the pressure distribution caused by air 
flowing within a two-dimensional, variable area channel as shown in Fig. P3.120. 


Equipment: Air supply with a flow meter; two-dimensional channel with one curved side 
and one flat side; static pressure taps at various locations along both walls of the channel; 
ruler; manometer; barometer; thermometer. 


Experimental Procedure: Measure the constant width, 5, of the channel and the chan- 
nel height, y, as a function of distance, x, along the channel. Adjust the air supply to provide 
the desired, constant flowrate, Q, through the channel. Attach the manometer to the static 
pressure tap located a distance, x, from the origin and record the manometer reading, h. Re- 
peat the pressure measurements (for the same Q) at various locations on both the flat and 
the curved sides of the channel. Record the barometer reading, Ham, in inches of mercury 
and the air temperature, 7, so that the air density can be calculated by use of the perfect gas 
law. 


Calculations: Use the manometer readings, A, to calculate the pressure within the channel, 
P = Ymh, where y,, is the specific weight of the manometer fluid. Convert this pressure into 
the pressure head, p/y, where y = gp is the specific weight of air. Also use the Bernoulli 
equation (p/y + V*/2g = constant) and the continuity equation (AV = Q, where A = yb) 
to determine the theoretical pressure distribution within the channel. Note that the air leaves 
the end of the channel (x = L) as a free jet (p = 0). 


Graph: Plot the experimentally determined pressure head, p/y, as ordinates and the dis- 
tance along the channel, x, as abscissas. There will be two curves—one for the curved side 
of the channel and another for the flat side. 


Results: On the same graph, plot the theoretical pressure distribution within the channel. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Static pressure taps 





8 FIGURE P3.120 


(con?t) 
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(cont) 
“Solution for Problem 3.120: Pressure Distribution in a Two-Dimensional Channel 


b, in. Q, ft^3/s Ham: in. Hg T, deg F 
2.0 1.32 28.96 71 

Experimental Theory 

x, in. y, in. h, in. D. ifi, p/y, ft p/y, ft p/y, ft 
flat side curved side flatside curved side 

0.75 2.00 0.28 0.31 20.2 22.3 0.0 
2.50 2.00 0.21 0.37 15.1 26.6 0.0 
4.00 1.28 -0.42 0.03 -30.2 28 -50.5 
4.63 1.05 -0.77 -1.63 -55.5 -117.4 -92.2 
5.38 1.05 -1.01 -1.05 -72.7 -75.6 -92.2 
8.14 1.29 -0.63 -0.62 -45.4 -44.7 -49.2 
10.75 1.54 -0.32 -0.31 -23.0 -22.3 -24.1 
13.26 YTT -0.15 -0.15 -10.8 -10.8 -9.7 
15.78 2.00 -0.05 0.00 -3.6 0.0 0.0 
21.75 2.00 0.00 0.00 0.0 0.0 0.0 


P = Pam/ RT where 
Patm = Yng'Hatm = 847 Ib/ft^3*(28.96/12 ft) = 2044 Ib/ft^2 
R = 1716 ft Ib/slug deg R 
T =71 +460 = 531 deg R 


Thus, p = 0.00224 slug/ft^3 and y = p*g = 0.00224 slug/ft^3*(32.2 ft/s^2) = 0.0722 Ib/ft^3 
P/Y = Ynzo "hly 


Theoretical: 
p/Y = Vext 12g - V?/2g where 
V = Q/A = Q/(b*y) and 
Vexit = Q/Aexi = (1.32 ft^3/s/)*(2 *2 /144 ft^2) = 47.5 ft/s 





Problem 3.120 
Pressure Head, p/y, vs Distance, x 





ply, ft 
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3.121 Sluice Gate Flowrate 


Objective: The flowrate of water under a sluice gate as shown in Fig. P3.124 is a func- 
tion of the water depths upstream and downstream of the gate. The purpose of this experi- 
ment is to compare the theoretical flowrate with the experimentally determined flowrate. 


Equipment: Flow channel with pump and control valve to provide the desired flowrate 
in the channel; sluice gate; point gage to measure water depth; float; stop watch. 


Experimental Procedure: Adjust the vertical position of the sluice gate so that the 
bottom of the gate is the desired distance, a, above the channel bottom. Measure the width, 
b, of the channel (which is equal to the width of the gate). Turn on the pump and adjust the 
control valve to produce the desired water depth upstream of the sluice gate. Insert a float 
into the water upstream of the gate and measure the water velocity, V,, by recording the time, 
t, it takes the float to travel a distance L. That is, V, — L/t. Use a point gage to measure the 
water depth, zı, upstream of the gate. Adjust the control valve to produce various water depths 
upstream of the gate and repeat the measurements. 


Calculations: For each water depth used, determine the flowrate, Q, under the sluice gate 
by using the continuity equation Q = AV; = b zV, Use the Bernoulli and continuity equa- 
tions to determine the theoretical flowrate under the sluice gate (see Equation 3.21). For these 
calculations assume that the water depth downstream of the gate, z?, remains at 6196 of the 
distance between the channel bottom and the bottom of the gate. That is, z, = 0.6la. 


Graph: Plotthe experimentally determined flowrate, Q, as ordinates and the water depth, 
Zi», upstream of the gate as abscissas. 


Results: On the same graph, plot the theoretical flowrate as a function of water depth up- 
stream of the gate. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for problem 3.121: Sluice Gate Flowrate 





a, in. b, in. L, ft 
1.2 6.0 4.0 
Experimental 
zt t.s V. ftis Q, ft*3/s 
0.183 4.2 0.952 0.087 
0.267 5.0 0.800 0.107 
0.343 52 0.769 0.132 
0.453 6.2 0.645 0.146 
0.569 6.4 0.625 0.178 
0.725 7.0 0.571 0.207 
0.877 8.6 0.465 0.204 
Experimental: 
AT. 
Q = V,b2, 
Theoretical: 
Q = b*z,92*(2*g)"*[((24/Z2) - 1/(1 - (z/2:))] ^ 
where 
Z = 0.61*a 
Problem 3.121 
Flow Rate, Q, vs Depth, 2, 
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Z>, ft 
0.061 


Theoretical 
Q, ft^3/s 


— 


0.091 
0.114 
0.132 
0.155 
0.175 
0.200 
0.222 


€ Experimental. 
= Theoretical | 











4.4 The x- and y-components of a velocity field are given by 
u = —(V,/€)xandv = —(Vo/€) y, where V, and € are constants. 
Make a sketch of the velocity field in the first quadrant 


(x > 0, y > 0) by drawing arrows representing the fluid velocity 
at representative locations. 


U- -(W/I)x and v *-(W/f)y so that 
VeNu*«a* = (Vo NE *cy9 -(,Z0) xy 
Thus with r= Yx*+y* = radial distance trom the origin, 
V= (Vo /L) n 
Hepce, Ue V, On r V-2V 0n r 2f. V* zy, onr =z f; elc. 
Also, the direction of the tid motion relative to the x axis i 
6 = arctan (W/u) or / x " 
M Vy Y zx 
ran 0 * (NX X x x 
Thus, on ihe X axis (y«0), lan8- Q or 0 * O' oy 180" (188 for x70) 
and onthe y axis (x«0), lap g-t«o or Q 7 90 or 270 (270 for y?) 
The velocity field looks as shown below. In the ["guadratd, both 


3 x»0 and y>0 So that bel] 
y 5i s U<0 and n <o. 


Ke 





4.5 A two-dimensional velocity field is given by wu = 1 + y and 
v = l. Determine the equation of the streamline that passes 
through the origin. On a graph, plot this streamline. 


u=lty and w=! so the streamlines are given by 


dy qa 
dx ^u ^y 
Thus, 


((1sy)dy = (dy or 


y+3y*=X+C, where C is a constant, 


For the streamline that goes throvgh X= y = 0, C=O, 
Hence, 


X-ytiy^ 


This streamline IS plotted below, Note thaf since N =l >Ò, the 
direction of flow is as shown. 








4.6 The velocity field of a flow is given by V= 
(5z — 3)i + (x + 4)j + 4yk ft/s, where x, y, and z are in feet. 
Determine the fluid speed at the origin (x = y = z = 0) andon 
the x axis (y = z = 0). 


E N a woetcy 


Thus, at the origin U=-3, VW=4%, w=0 
so that 


V= -yu* tar tur = (-3)* +4? - 5 ft/s 


Similarly, on the X axis u= “2 AF = x wW =0 
so that i 
Ve Jut *m* u^ - (C3) QoY. e [X +8x+25 H, where x~ f 
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field as velocity vectors at representative locations in the 
flow as shown in Video V4.2and Fig. E4.}. Consider the 
velocity field given in polar coordinates by v, = —10/r 
and v, = 10/r. This flow approximates a fluid swirling into 
a sink as shown in Fig. P4.7 Plot the velocity field at 


locations given by r — 1, 2, and 3 with 0 = O, 30, 60, and 
90 deg. 





A flow can be visualized by plotting the velocity 


With wm. Med and My =10/r then 


Ve yap tng? = ylivr)’ + (l/r)? = 4 D 
The angle o Mit the radial | direction and 


the velocity vector i's given by 
_ M _ 10/r E 
tan X -Ap ~ -(-10/r) =/ 


Thus, X= 45^ for any r 6 
(.e. the velocity vector is alwa y oriented ¥5° relative to radial lines) 
3 


0 -60 
Nole: V is 





independent 
of 0. @ = 30 
l 45° 
X es 
oe Y= 7.07 al rz 2. 
0 0-70 
V=/4./¥ atr=| V-47/alr-3 


4 -H 


7.8 








4.8 The velocity field of a fow is given by What is the angle between the velocity vector and 
Y = 0p + ya 3 -20 ee qu ry ft/s, the x axis at points (x, y) ^ (5. 0). (5. 5), and 
where x and v are in feet. Determine the fluid (0, 5)? 
speed at points along the x axis; along the y axis. 
ke ec leis V aic ee 
(x* * y2)% J (x? 2\V, 
Thus, V -4u* *v* 
4900 x? 400x* t*ooy* tt 
v= [ween seer (x? + y?) m - ETI 
Also, -20X y 2 ft 
tan 6 = y (x2 +y2)% oS (5,5) 
any -U ~ 20y (0,5) 20 fi 
or (x? + y2) % $ 
tan@ = - + 
(5,0) 
Thus, for (x,y) =(S, ) " X 
lanO- -o» or 0 - - 90* S. 
V 
"e ' 
lan8 - -| or 8- - 95? = 


for (X,y)=(0,5) 
tanO=0 or 0-0 


4.9 The components of a velocity field are given by u = x + y, 
v = xy’ + 16, and w = O. Determine the location of any stag- 
nation points (V — O) in the flow field. 


Velut * wh sur = V(x +y) Hye =0 


p X4y70 so that Key 


and 
Ar - Xy l6 20 so hal xy --/6 


Hence. (-y)y* --46. or Y=2 
Therefore, VO ai Xe-2 y=2 


| 4.l0 


4.10 The x and y components of velocity for 
a two-dimensional flow are u = 6y ft/s and v = 
3 ft/s. where y is in feet. Determine the equation 
for the streamlines and sketch representative 
Streamlines in the upper half plane. 


“=6y , y=3 where streamlines are obtained trom 


Hav 23 or 2ydy- dk which can be integrated to give 


y ex +i where C is a constant. 





Representative streamlines corresponding to ditferem valves of 
Care shown below. 


-6 +5 «8 =~ A. Wb @ bt $2 4d * 5 


Note that for y^O , u»o (£e, the flow is from left toright) 





“fl 


4. 1] Show that the streamlines fora flow whose. 
velocity components are u = c(x? — y?) and v = | 
—2cxy, where c is a constant, are given by the 

equation x?y — y*/3 = constant. At which point 

(points) is the flow parallel to the y axis? At which 

point (points) 1s the fluid stationary? 


Uu -—C(x^-y*) x A ery 
Streamlines given by y=f(x) are such that a => 
Consider the function x*y- £ = const (1) 
Note: H is not easy to write this explicitly as y=t(x) 
However, we can differentiate Eo, (I) to give 

2Xydx *x'dy - y'dy 7*0 ,or 

(x*-y*)dy +2xy dx =0 
Thus, the lines in the x-y plane given by Fg.) hove a slope 


dy _ _-2XY dy . -2cXy 
2 = type d for any constant c, pi + haa 


r loin - Leer Ar ERR. ee 
&e. The funclion X*y -- =const. represents the streanlines 


of the given flow. 


The fhw is parallel do the x-axis when 94-0, or v=o. 
This occurs when ether X=0 or y=0 


zov 
- u 


p 46. the X-axis or 
the y-axis 
or u =O. 


The flow is parallel to the y-axis when Æ =c 
This occurs when X= y 


Lu ee 


/ 


The fluid has zero velocity af x=y =O 
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4.12A velocity field is given by V = xi + x(x — 1)(y + 1)j, 
where u and v are in ft/s and x and y are in feet. Plot the stream- 
line that passes through x = O and y = 0. Compare this stream- 
line with the streakline through the origin. 


u-X, vy =X(x-1) (y+!) where the streamlines are obtained 
from 

dy _ ve x(x-D(ytD . py. 

Seg eA e peint 

or 


& 4 l) - [6 -1) dx which when integrated gives 
In (yt!) -ZX'-X«C ; where C is a constant (4) 


For the streamline that passes through the origin X= y=0 the 
value of Cis found from Eq. (9 as 
In (1) C . or C=O 


J 

















4 x^-x) 
Ihus, In(ytü *Zx'-x or y-7 É' -| 
This streamline is plotted below. 
3.5 4- ——— —— " c————t ]— 
T |]. d 
25. lore f] 
Bidet i ai satin en ace Maa 
y 1,5 | — í—— | à; Lo 
oer E ees —— HP 
0.5 - grece | J 
-0.5 | = - p oes ES 
* 0 1 2 3 


Note: The streamline is symmetrical about its low point 
of X=/, y=- 0.393, At x=y=o the velocity is O. 


For X<O, u«0 and for X>0, u>0. Thus the thid 
Flows from the origin (x=y =0), 


Since the flow is steady, streaklines are the same os streamlmes. 


4 -Q 
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4.13 From time ! = Otot = 5 hr radioactive The following wind conditions are expected: 
steam is released from a nuclear power plant ac- V = 10i — 5j mph for 0 < t < 3 hr, V = 
cident located at x = —1 mile and y = 3 miles. 151 + 8j mph for 3 < ¢ < 10 hr, and V = 


51 mph for t 2 10 hr. Draw to scale the expected 
streakline of the steam for ¢ = 3, 10, and 15 hr. 


For O<t< 3hr yw /0 mph and yz -5mph 

For 3«4 «J0hr , UL 5 /5 mph and v= 8 mph 

For £5/Ohr , U- 5 mph and V *O 

The streakline is the location (at timet) of steam released 


Carper. 
a) Af t=3hr steam is still being released. From t=0 toł=3hr 
it has traveled in the direction s =% =- =-05S and ihe 


first of the steam is dt X =-Imi+(10mph)(3hr) = 29m 
and y= 3m +(-Smph)(3 hr) = -/2 mi at t=3hr 
See Figure below, 


b) At t=S Ar sleam release stops. From t= 3hr to t=Shr the 

steams travels aX= U at -«(ISmph) (5-32)hr - 30mi “east” 
and ay = Vat=(@mph)(S-3)hr = 6 mi “north” 

See figure below, For ¢>5hr the streakline does not grow’ 
lie., no more steamreleased ), il merely maintains its shape it 
had at £= Shr 2 = iy - Y “fy = 0) and translates. From 
E=Shr to t=/0hr it moves px = Uat= (1S mph) (10-S)hp = 75 mi 
farther “east” and by = vot =(8mph)(10-S)hr = ¥0 mi farther ‘north? 
See tigure below. 

c) For lost «Sh,» the steam moves X= (Smph)(15-lohr = 25 mi ‘east’ 

and ay= Vat =O mi “north”. 

The above is shown in the figure below. 





y,m 
streakline 6° E (09,59) (129,59) 
at time t=lohr t =/5 hr 
indicated (74, 43) (159, 44) 
a (32, 43) (134,49) 


20: o9 m, sleam al (7.5 hr 


n2 * ^4 (59,4) 


l l 
-20 t 3hr 2A 40 60 & — 700 120 ^40 180 /80 K, mr 





y 
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*4,|4- Consider a ball thrown with initial speed Vy at an angle Pese y 

of 6 as shown in Fig. P4.)4a.As discussed in beginning physics, MEI acrius. V 

if friction is negligible the path that the ball takes is given by 0 0 ia 

B — 0.25 0.13 (x Py x 
y = (tan 6)x — [g/(2 Vo? cos’ 6) ]x 0.50 0.16 * 

That is, y = c,x ^ cax?, where c, and c; are constants. The path — 0.75 0.13 2 

is a parabola. The pathline for a stream of water leaving a small 1.0 0.00 Y 
' nozzle is shown in Fig. P4.Mband Video V42.The coordinates 1.255 —0.20 

for this water stream are given in the following table. (a) Use 1.50 —9:33 

the given data to determine appropriate values for c, and c, in 1.75 —0.90 

the above equation and, thus, show that these water particles 2.00 —]1.43 


also follow a parabolic pathline. (b) Use your values of c, and ————————— 
c; to determine the speed of the water, Vo, leaving the nozzle. 





Mm FIGURE P 4.14 


An EXCEL Program was used to plot the x-y data and 
lo fil à second order curve lo the data. The results are shown below 






y vs x for Water Stream 
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Thus, with y=GX+C,x° 1f follows that 
C,= 0.7/5 =tan@ or O09 =35.#° 


and 
2. 2. W^ cos 8 
On 
2 oed | sies. ft 
Vo " 2083397) cosas. = 7-85-58 


Thus VW-/^L69 


4.15 The x and y components of a velocity field are given 
by u = xy and v 2 —3y. Determine the equation for the 
streamlines of this flow and compare with those in Example 
4.2. Is the flow in this problem the same as that in Example 


4.2? Explain. 

Streamlines are given by | T AE: 
dx u E ow 

E ay E 


2 
=- st which can be integrated as: A 


[2 E (x p Thus, Iny * - Iny *€ , where C is 4 constant. 
Thus, xy=C 
Mole: These streamlines are thesame shape (same “flow pattern) 


as in Example %2Z — but the velocity fields are different 
However, the ratios V are the same : 


A 
Lo 3 nud. 
hb ~ 


xiy for this problem 
v MAy __ Z g 
u (WI) Cx) or Example 42. 
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4.16 — A flow in the x-y plane is given by the 
following velocity field: u : 3 and v — 6 m/s for 
0<1< 20s; u = —4andv - 0 m/s for 20 « 
t « 40 s. Dye is released at the origin (x = y = 
0) for t = 0. (a) Draw the pathline at ¢ = 30s 
for two particles that were released from the or- 
igin—one released at f = 0 and the other released 
at ¢ — 20 s. (b) On the same graph draw the 
streamlines at times t — 10 s and t — 30 s. 


(a) For the particle released at 1*0, u * 3 and y=6F 


for O«t«20s . During this time the flow is steady and 


the pathline has a slope S. - 4 = =2 .Att-0 x=yzo 


and al «20 , x =(32)(20s) =é0m and y^ = (6%) (205) =/20m 
For 20<¢<30 , uz - *S. and vz0O, so that the flow is steady 
and the pathline has a slope ot a = Oo. The particle moves from 
x= 60m to x= 60tC¥2)(30-20)s =4+20m, but keeps the 
=120m location during 29<t<30s, This palhline is shown 
in the figure below. 
For the particle released at the origin at £ = 20s if follows 
that w=-4% and v=0. Thws, the corresponding pathline 
extends from X=0 to X= (-4#)(30-20)5 = ~40m att <3os. 
This pathline is shown in the figure below. 
6 


(b) At t=/0s , streamlines are given by d -4-$-2 


or y-2XtC6 , where e const. 
m ue 30s, a e are given by dy y =O 
or y= C, , where C, = const. These lines are shown below. 


yım particle al-30s (released at t=0) 
iam 120. —6 A path ling 
streamlines 
— —_ gat e f paj jm at t =s 
streamlines 
at ¢=30s $ f a s — 


fi ine 


dE 40 go 
us at t=30s Ede e i-20«5) 
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4.17 . In addition to the customary horizontal 
velocity components of the air in the atmosphere 
(the **wind"), there often are vertical air currents 
(thermals) caused by buoyant effects due to un- 
even heating of the air as indicated in Fig. P4.17. 
Assume that the velocity field in a certain region 
is approximated by u = ug, U = vg (1 — y/h) for 
0< y<h,andu = up v = 0 for y > h. Plot 
the shape of the streamline that passes through 
the origin for values of uy/u, — 0.5, 1, and 2. 





FIGURE P4.17 


U=Up , Vv V(I- X) for O<y<h so that streamlines 
for y<h are given by y X 

dy v Vo (I- $) or (= - X [^ 
dx u u ) ( -i) Ko J 


0 


Thus, ~hIn(} -ti) - 2 x Note: The lower limits of integration 
(x=0, y =0) insure that this 
equat ion is for the streamline 
through the origin. 

This streamline 


x --h (=) In (1 — +) is plotted below. 
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*4.18 — Repeat Problem 4.17 using the same in- 
formation except that « — ugy/hforüx y s A 
rather than u = u. Use values of uj/u, — O, 0.1, 
0.2, 0.4, 0.6, 0.8, and 1.0. 





x » VV (17 35) for Q«y«h so that streamlines 


for y<h are given by 
2 E du e Wik ^* eh) or with x=0 when y =0 
(n5 h- y) dy = fi dx This inte grates to give 


-yh In(h~y)+b nth) =x or %=(%)] InGe)- ¥] 





This streamline is plotted below for Os Y £l, with 
a = O, 0.1, 0.2, 0.4, 0.6, 0.8, and /,0 The dons WETE 


calculated and plotted vsing 4h EXCEL Prograrn. 























y/h vs x/h 
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4.19 As shown in Video V4.6 and Fig. P4.1q, a flying airplane 
produces swirling flow near the end of its wings. In certain cir- 
cumstances this flow can be approximated by the velocity field 
u = —Ky/(x? + y?) and v = Kx/(x? + y’), where K is a con- 
stant depending on various parameter associated with the air- 
plane (i.e., its weight, speed) and x and y are measured from the 
center of the swirl. (a) Show that for this flow the velocity is 
inversely proportional to the distance from the origin. That is, 
V = K/(x? * y?)'?. (b) Show that the streamlines are circles. 





"FIGURE P4.I4 


É K 
Ck (Kx? | . 
(a) V» yu «mw (x? + y?)* : Gy) — x^ y? 
or 
V- E where r=. x+y" 
: : dyo am o =y) _ x 
( b) Streamlines are given by 7/1 d Éndbnr- e y 


Th Us, ("iy") 
y dy = -Xdx which when integra led gives 


ly = -ixX 46, where C is à constant. 


Or 
2 


a y” = Constant 


N —————————— —À- A— 


4 ~/6 





Particle x att = 0s (ft) x att — 0.002 s (ft) 


l —0.500 —0.480 
4.20 (See Fluids in the News article titled **Follow those parti- 2 —0.250 —0.232 
cles," Section 4.1.) Two photographs of four particles in a flow past 3 —0.140 —0.128 
a sphere are superposed as shown in Fig. P4.20. The time interval 4 —0.120 —0.112 


between the photos is At — 0.002 s. The locations of the particles, 
as determined from the photos, are shown in the table. (a) Deter- 
mine the fluid velocity for these particles. (b) Plot a graph to com- 


y, ft 
pare the results of part (a) with the theoretical velocity which is ium : 
given by V = V)(1 + a*/x°), where a is the sphere radius and V, is DNE 
the fluid speed far from the sphere. = - -— 22 c, x, ft 


B FIGUR E P4.20 
The flvid velocity (which is assumed to be the same as the particle velocity) 
can be estimated by 
V = ax /at 
Thos, for particle Qe Ye | -0. 480 t - (-0.s00#4) | / (0.002s)= |Q f| /s 





During fo 0.002 time interval the average location of the particle was 
x = [ (-0.4e04) +(-0.500Ft)| =- 0.0490 11 
By similar calculations fhe following experimental results WENE obtained ’ 


These experimental results and ihe 
theoretical results ( V V, (lta?) where 
Vo= /04/s and a=0,/#) are plotled in the 
figure below. 
























p ft an 
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4.21 (See Fluids in the News article titled *Winds on Earth and 
Mars,” Section 4.1.4.) A 10-ft-diameter dust devil that rotates one 
revolution per second travels across the Martian surface (in the x- 
direction) with a speed of 5 ft/s. Plot the pathline etched on the sur- 
face by a fluid particle 10 ft from the center of the dust devil for 
time 0 = ¢ = 3s. The particle position is given by the sum of that 
for a stationary swirl [x = 10 cos(27t),y = 10 sin(2zrt)] and that 
for a uniform velocity (x = 5t, y = constant), where x and y are in 
feet and t is in seconds. 


The palh line ys given by 


X= |0 cos (27d) * 51 

and 

yz lo sip (271) , where x» fl, ys fl. and t5 
This path is plotied for Osisas below. 


Particle Path 





x, ft 
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4.22 The x- and y-components of a velocity field are given by 
u = (V)/€)xandv = —(Vo/€) y, where Vp and € are constants. Plot 
the streamlines for this flow and determine the acceleration field. 


Since U * (W/D)x and r7 ~“(Vo/L)y, the streamlines are 


given by 

d -M -(Vo/b) y I 

deu (x -4 or 

4 E - 4x which Can be integrated fo gie 


(dy ZI: Or Iny = -lnx +constant 
y x 


Hence, the streamlines are xy = constant 


y 
Typical streamlines (hyperbolas) ho CM 
ante sketched In the figure fo the wy e 
ry X 


right 


Also, bu b 
. oll + y 24 15 34. 

dy * qq I hax "IT y 
- 0 «(V /I)x(/0) *0 9 (V 4) X 

and 


Ay = a "e Hart 

=0 +0 *(-W/f)y)(- WA) -(QV7EYy 
Ths, 

4 A 2e a A 

Q = Axl +dyp = (Vo /f) [xi typ] 
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| 4.23 A velocity field is given by u = cx? and 
| U — cy?, where c is a constant. Determine the x 
and y components of the acceleration. At what 
point (points) in the flow field is the acceleration 


zero? 
Qk =F tusy tu gy = (ex*)(2ex) » 2c*x? 
and 
à 
Qy = HURRY s (cy acy) = a ghy? 


Thus, A=QitaJ =O at (x,y) =(0,9) 


1. 2.4 
4.24 Determine the acceleration field for a three-dimensional 
flow with velocity components u = ~x, v = 4x’y*, and 
m =g E y. 


u= L3 AF = 4 xty* and w = X-y so that 


dy = =o tug Mb sa Ya wy SH 
5 = Me) * 4x^y* (0) * (x -y)t0) - 


=M, an Jf in. 


d tiara Lx nya) (ax%y) + (x-y)(0) 
= -Bx*y2432xty? = Bx7y*(4x4y-1) 
and » 
z © FE ui ri uri 


z 0 * (-x)Ds(ux^y2)(-1) *(x-y)(o) 


a * at 4ayf 3 agk 
- xà o gxy (uxty-nf -(c/bey?) k 
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4.26 The velocity of air in the diverging pipe shown in Fig. P4.26 
is given by V, — 4t ft/s and V} = 2tft/s, where t is in seconds. (a) 
Determine the local acceleration at points (1) and (2). (b) Is the av- 
erage convective acceleration between these two points negative, 


apu s Vi = At ft/s 
Zero, or positive? Explain. — 


== 














b) convective acceleration along the pipe = U i 


where U >O. Àl any time, t, V, «V, . Thus, belween (I) and (2) 
Pos al <o 





Hence . 3 eb. mn Mp veras tunaelue accsleralio 
) 6X g 
js negative. 
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4.27 Water flows in a pipe so that its velocity 
triples every 20 s. At: = 0 it has wv = S ft/s. That 
is, V = (Ni = 5 (3); ft/s. Determine the 
accleration when ¢ = 0, 10, and 20 s. 


u-5 5 (37°). v-O. w-O 


3 
Mn ace “a . vA) V: 
i. V-VV - ip/ sace V:VV =O because Vis not a 
a function of x,y,orz. 


Since 2 = 5[3 ni LL] = 0.275 (3*0) E with £s 


it follows that 
ü 0.275%, al i-0 


Q2 


ur 


à 7 Ou76£l al t-l0s 


A-0825: ER al L-205 


4.28 | When a valve is opened, the velocity of water in a 
certain pipe is given by u — 10(1 — e "), v = 0, and w = 0, 
where 4 is in ft/s and r is in seconds. Determine the maximum 
velocity and maximum acceleration of the water. 


V» Ju? *v**w* - I0(1-&*) sothat 2! - j08* o for all t 


Thus, Yy = V| s 108 
[2o 
ih A DX iá 
Also, a ae "wi ga tux with A ol 





ax 
This, Q = ot = jog" so that dy = A z jo 








4-22. 


| 429 


4.24 The velocity of the water in the pipe 
shown in Fig. P4.298 is given by V, = 0.501 m/s 
and V, — 1.0t m/s, where t is in seconds. De- 
termine the local acceleration at points (1) and 
(2). Is the average convective acceleration be- 
tween these two points negative, Zero, or posi- 
tive? Explain. FIGURE P4.29 


Moos m 





gt S^ 


aV, 


m 
er 10-3 


dz 
Since V,>V, /+ follows that W >o, Also, V>O so that 


; ! àV , Tin 
the convective acceleration , Vjx , is positive. 
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4.30 A shock wave is a very thin layer (thickness = £) in a high- 
speed (supersonic) gas flow across which the flow properties 
(velocity, density, pressure, etc.) change from state (1) to state 
(2) as shown in Fig. P4.30. If V, = 1800 fps, V} = 700 fps, and 
€ = 10~“* in., estimate the average deceleration of the gas as it 
flows across the shock wave. How many g’s deceleration does 
this represent? 


Shock wave 


Vi 


FIGURE P4.30 
4£V-VV so with V=Uxye a = yg l = u 35 f 


<} 


> 3 
a=) 


e 


Without knowing the actual velocity distribution, u-&tx), the 
acceleration can be a as 
= ute ou -" "E 1) (V5 - 


(W*W) (W-V) ————— 8 —————ÀÀ—— o ——— 00 
qm 





2 2. 1a”) 

or 73 [2 
H £4 1 5 Qx - [65 x/0 s 9 
Qy - -1.65X10 — This is 2 3228, 7 5.12 x /0 
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4.22 Asa valve is opened, water flows through 
the diffuser shown in Fig. P4.32 at an increasing 
flowrate so that the velocity along the centerline 
is given by V = ui = V,(1 — e-*) (1 — x/f Ji, 
where uo, c, and Lare constants. Determine the Tu E 
acceleration as a function of x and t. If V, = ae Vel = 89 
10 ft/s and ( = 5 ft, what value of c (other than 
c = Q) is needed to make the acceleration zero 
for any x at t = 1s? Explain how the acceleration 
can be zero if the flowrate is increasing with time. 





FIGURE P4.32 


G=2F 4V.0V With u=u(X,t) , y=0, and w=0 


this becomes 
q=(Hiudt)t sal , were us (1-67 )0- T) 


à 
Thus, 
ay = V (1-X)c ^ «weti-é ^ u- X 2) 
24 X ce Wo zi cti 
a, - V ü-3)|c &*- M (0-67) | 


If Ay =0 for any X at t=1 S we must have 
T E =J0 zu 
[ce * - (1 - ecty]20 With Vy =] and É 


-C 2 
ce -P2li-e~*)=0 The solvtion (root) of this egvation 
je Ca OTOT 


For the above conditions the local acceleration (34 >0) is 
precisely balanced by the convective deceleration (45x <°), 


The flowrate increases with time, hut The fluid flows to an 
area ot lower velocity. 
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4.33 A fluid flows along the x axis with a velocity given by 
V = (x/t)i, where x is in feet and z in seconds. (a) Plot the 
speed for0 = x = 10 ft andz = 3 s. (b) Plot the speed for x 7 
7 ft and 2 = 1 = 4 s. (c) Determine the local and convective 
acceleration. (d) Show that the acceleration of any fluid particle 
in the flow is zero. (e) Explain physically how the velocity of 
a particle in this unsteady flow remains constant throughout its. 
motion. 


(d) y= t ff so at t=3s ' uz. 


(b) For x=7 ft, ue ft 


(C) e+ and u 


aJa- 

XI 
M 

x 


X 
H) 7 


Qo 














(d) For any tlvid particle z- +V-0V 
which with v=0 , wW=0 becomes 


à -(3t 3x) e (CR * 126 =O 





(e) The particles flow ito areas of higher velocity (see Fig-/), 
but at any given location the velocity is decreasing in time 
(see Fig-2). For the given velocity field the local and 
convective accelerations are equal and ogposite, giving 
zero acceleration through ovt. 


| #34 


| 4.34 A hydraulic jump is a rather sudden change in depth of a Hydraulic jump 

| liquid layer as it flows in an open channel as shown in Fig. P4.34 — 
and Video V10.12. In a relatively short distance (thickness = £) 

| the liquid depth changes from z; to z;, with a corresponding change 
in velocity from V, to V4. If Vi = 1.20 ft/s, V, = 0.30 ft/s, and 
€ — 0.02 ft, estimate the average deceleration of the liquid as it 
flows across the hydraulic jump. How many g's deceleration does 
this represent? 





K FIGURE P4.34 


a -i¢ tVVV so with V zuli, Z-qí-ujgx fM 


Without knowing 1he actval velocty disiribulien , u 7 utx) 
the acceleration can be approximated qs 


ff 
zr. ob +0,30) £ (0.30-1.20)5. 


O. 02. 17 
- 33,844 


M 


a, -U $E m RH pmi 





33.0 H 
Thus, 14! « ——BE-- = 1.05 
hus, 7 32.2 zx === 
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4.35 A fluid particle flowing along a stagnation streamline, as 


shown in Video V4.9 and Fig. P4.35, slows down as it approaches Stagnation point, s = 0 





the stagnation point. Measurements of the dye flow in the video Fiuid particle 
indicate that the location of a particle starting on the stagnation y 7 
streamline a distance s = 0.6 ft upstream of the stagnation point Ta e: 


at t= 0 is given approximately by s — 0.6e79*, where t is in 
seconds and s is in feet. (a) Determine the speed of a fluid 8 FIGURE P4.55 
particle as a function of time, Vaiia (t) as it flows along the 

steamline. (b) Determine the speed of the fluid as a function of 

position along the streamline, V = V(s). (c) Determine the fluid 

acceleration along the streamline as a function of position, 

a; = a,{s). 


(à With $2066 °°" if follows that 


-0,51 -0.52 
Lance ostas e -036° tf 


(b) From part (a), , 
pe (-0.5)|0.6 g^ | where S=0.6 e 


T hus, 
V- (-0.5)| 5 | , or V=-0855 ft/s where s~ ft 


0.54 


(c) For steady flow, a@ = V al 
Thus with V9» - 9.55 and ge Ais, 


q. = (-0.5s)(-05) = 0.258 fV/s* where s~ H 


Mole: For S70 n positive — the particles acceleration és to the right. 
Since the particle IS moving Jo the leti a positive Qs for this case 
implies that the particle IS decelerating (as if must be for this 
stagnation point flow). 
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4.36 A nozzle is designed to accelerate the fluid from V, to 
V5 in a linear fashion. That is, V = ax t b, where a and b are 
constants. If the flow is constant with V, — 10 m/satx, — 0 
and V, — 25 m/s at x, — 1 m, determine the local acceleration, 
the convective acceleration, and the acceleration of the fluid at 


points (1) and (2). E 
Wilh uzax*b , v=0, and w=0 the acceleration a= 5 +V-7V 
can be written as 
ü -a,6 where a= u (1) 
Since k= V, =10-4 at x=0 and u==252 at x=/ we obtain 
l0= O0+b 
25= a+b so that a=/5 and b=!0 
That 1S, u=(15X+10) 2 ; where X~m , so that from Eo, CI) 


a; = (15x+10) -Æ (15 Z-) = (225x+150 ) £^ 


Note: The local acceleration is zero T , 4nd the 








Yq & 


convective acceleration is — ux &. — (225x«50) ? 22 


At x=0, d -l50f A ; alXx-Im, a7 3750. 
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4.37 Repeat Problem 4.36 with the assumption that the 


flow is not steady, but at the time when V, — 10 m/s and 


V; — 25 m/s, it is known that 0V,/0t — 20 m/s? and 
AV;/at = 60 m/s?. 


With U=U(x,t) , v=0, and w=0 the acceleration A= >, +V-VV 
can be written as 


7 T ML. 
A =A where q=% +u $x , with u=altlx +b), C) 


Al the given lime (1-5) u* V, = 1022 at X =O and U==252% at X=/m 
Thos, I0 = O + blh) 


25 = alh) * b(L) S0 that alt.) -/5 and blh) =1/0 
Also at t=fo 4 34-15. 20 a at x-0 
and. ue =- M = 60 ka at X-/pm ote: These are local 





= accelerations at time E=to 
The convective acceleration at X=0 (Eo, (1) 1s 


use = (axth) (a) =(/5 (0) 10) Mis t)= 150% 
while at X=/ jf Is » 

yk = (ISU)+0) 5 (IS z) = 3754 
The fluid acceleration at t=to is 


a> m 
a -(3$ su $7)8 -(20«150)t 5 - 170f S at x -Q 
and UM 


a-(60t375)0 & -435í À al x-Im 
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4.38 An incompressible fluid flows past a turbine blade as shown 
in Fig. P4.38a and Video V4.9. Far upstream and downstream of 
the blade the velocity is Vy. Measurements show that the velocity of 
the fluid along streamline A-F near the blade is as indicated in 
Fig. P4.38b. Sketch the streamwise component of acceleration, a,, 
as a function of distance, s, along the streamline. Discuss the im- 
portant characteristics of your result. 





ta) M FIGURE P4.38 


a. * v where from the figure of V =Ws) the function 
A has the following s hape. 





The fluid decelerales trom A to C , accelerates from € to D, and 
the decelerates again from DtoF. The nef acceleration tram 
A to F js zero (i.o. 7 z Wọ =V), 
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4.34 Air flows steadily through a variable 


area pipe with a velocity of V = u(x)i ft/s, where 
the approximate measured valuesof u(x) are given 
in the table. Piot the acceleration as a function 
of x for 0 x x « 12 in. Plot the acceleration if 
the flowrate ts increased by a factor of N (i.e., 
the values of u are increased by a factor of N), 


for N = 2,4, 10. 


simplities to a. = Gt where Q, = ust 


0 


NN & WN —— 


x (in.) 


u (ft/s) 


10.0 
10.2 
13.0 
20.1 
28.3 
28.4 
25.8 


x (in.) 
7 
8 
9 
10 
11 
12 
13 


d 


av 


tV-vV 


u (ft/s) 
EOD C 
17.4 
13.5 
11.9 
10.3 
10.0 
10.0 


2» 


The valves & are given in the table ; the corresponding valves 
of 2L can be obtained by an approximate numerical differentiation. 
The results are shown below for the given date (i.e. with V=!). 


Note that since A= u s4 it follows that and increase in velocity 


from u to Nu increases the acceleration from a to N° 


OMONDANAWNH OO. 


10 


2 


u, fUs 
10 
10.2 
19 
20.1 
28.3 
28.4 
25.8 
20.1 
17.4 
13.5 
11.9 
10.3 
10 
10 


du/dx, 1/s 
2.4 
18 
59.4 
91.8 
49.8 
-15 
-49.8 
-50.4 
-39.6 
-33 
-19.2 
-11.4 
-1.8 
0 


u du/dx 
24 
184 
772 
1845 
1409 
-426 
-1285 
-1013 
-689 
-446 
-228 
-117 
-18 
0 


The results are plotted on the next page. 


(con't) 
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(1) 


(con't) 


14 


12 


8 


6 


In. 


IIS IA * 


mU 
HRN: 


net 
LTN tH 


du/dx, 1/s 


Hiply ay 


-- 
Fen | mu 
EI 

= 

Lr 

x, in 


© © O "© © O oO Ø 
O o ad © QOO © © © 
O O wo O Vt) V o Q 
N N “Se SS "e 

N 

< 

2 

S 
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*4,40 As is indicated in Fig. P4.40, the speed 
of exhaust in a car's exhaust pipe varies in time 
and distance because of the periodic nature of the | 
engine’s operation and the damping effect with | 
distance from the engine. Assume that the speed > 
is given bv V — V4[1 * ae sin(ct)], where — V = Voll + ae-% sinlwt)) 
Vo = 8 fps. a = 0.05. b = 0.2 ft-', and w = 50 
rad/s. Calculate and plot the fluid acceleration at 
ge = @, 1,2, 3, 4cands Et for 0 =4 2a/2>s. 





FIGURE P4. 40 


Since u - UCX t) : y-O, and w=0 it follows that 


>. Vio = òU òu 
a= VVV =al , where a7 $i +45% (1) 


Thus, with “= Vol} +a 0 cin (wt) ] Eg. (1) gives 
Ay, = Vo aw fi ons (wt) +V fita & 9 5 in(wt)] V,a(-b) c sin(wt) 
- Va € P [w cos (v1) - V, b sin(ut) (15a & "sin (u1))] 


With V, -8 £ 5 a-0.05, b=0.2 FF ; and ty = 50 rad 
this becomes 


Gy = OF e ^*^ T o cos(5ot) —-/.6 sín( 501) (130.05 g^ (sot))| 5 Q) 
where t~s and x~ ft 
Plot dx trom Eg, (2) for OF€ s uL < with X =0, l, 2,3, 4 and 5 fl 


An Excel Prooram was vsed to calculate 4, trom Eg. (2). The resuite 
are shown on the nekt page. 


(con't) 
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440" | (con't) 
Acceleration at various x locations, ft/s^2 
ts x - 0 ft x — 1 ft x - 2 ft x= 3 ft x= 4ft x = 5 ft 

0.000 20.00 16.37 13.41 10.98 8.99 7.36 
0.005 19.22 12.73 12.88 10.55 8.64 7.07 
0.010 17.24 14.11 11.56 9.46 7.75 6.34 
0.015 14.18 11.61 9.51 7.79 6.38 5.22 
0.020 10.24 8.39 6.87 5.63 461 8.77 
0.025 5.67 4.65 3.81 3.12 2.55 2.09 
0.030 0.74 0.61 8.51 0.42 0.34 0.28 
0.035 -4.23 -3.46 -2.83 -2.31 -1.89 -1.55 
0.040 -8.93 -7.31 -5.98 -4.90 -4.01 -3.28 
0.045 -13.08 -10.71 -8.76 -7.17 -5.87 -4.81 
0.050 -16.42 -13.44 -11.00 -9.01 -7.37 -6.04 
0.055 -18.73 -15.34 -12.56 -10.28 -8.42 -6.89 
0.060 -19.89 -16.29 -13.33 -10.92 -8.94 -7.32 
0.065 -19.81 -16.22 -13.28 -10.87 -8.90 -7.29 
0.070 -18.51 -15.15 -12.41 -10.16 -8.32 -6.81 
0.075 -16.06 -13.14 -10.76 -8.81 -7.21 -5.90 
0.080 -12.61 -10.32 -8.45 -6.91 -5.66 -4.63 
0.085 -8.37 -6.85 -5.61 -4.59 -3.76 -3.07 
0.090 -3.62 -2.96 -2.42 -1.98 -1.62 -1.32 
0.095 1.36 1.12 0.92 0.78 0.62 9.51 
0.100 6.26 8.13 4.20 3.44 2.82 245] 
0.105 10.47 8.82 7.22 5.92 4.84 3.97 
0.110 14.61 11.96 9.80 8.02 6.57 6.368 
0.115 17.54 14.36 11.76 9.63 7.88 6.45 
0.120 19.38 19.87 12.99 10.64 8.71 713 
0.125 20.01 16.38 13.41 10.98 8.99 7.36 

Acceleration, a,, vs Time, t 

| 20 - ——tá———— 

| eo" | 
"Ex —L-L—— 28 


NRU N — O 














0.00 0.02 0.04 0.06 0.08 0.10 0.12 
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4,44 Water flows over the crest of a dam with speed V as shown 
in Fig. P4.4l, Determine the speed if the magnitude of the 
normal acceleration at point (1) is to equal the acceleration of 








gravity, g. 
FIGURE P4.4] 
2 
| f E p fi 
q,7 M. or wiih a,= 92.24 , Vala, R = f(32.2 8 2m) 
= 8.02 
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ds 


4.42 Assume that the streamlines for the wingtip vortices from 
an airplane (see Fig. P4.19 and Video V4.6) can be approximated 
by circles of radius r and that the speed is V = K/r, where K is a 
constant. Determine the streamline acceleration, a,, and the normal 
acceleration, a,, for this flow. 





E FIGURE P4.13 


= var where, since Vek ‘ ar 


Thus, 


Qs 


-0 


Also , 


Gn 


- X. (ry Lu 


E 
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4.43 A fluid flows past a sphere with an upstream velocity 

of V, = 40 m/s as shown in Fig. P4.43 From a more advanced 

theory it is found that the speed of the fluid along the front part 4 
of the sphere is V — $V, sin 8. Determine the streamwise and V 40" 4 

normal components of acceleration at point A if the radius of Pb: ! B 


the sphere is a — 0.20 m. 





FIGURE P4.43 


V - 3- V, sind =2 (10%) sind = 60 so Æ (1) 
-VŽ (60 sinyo) 5 _ m 
Gy, = a = 5 — 7470 E 
and 
V rg) BY _ av 26 
Qs =V% E (60 sind) FE 3 where jl PH 


From Eq. (1) , ài - = 60 CosÓ 
Also $= 26 = 0.26 m. where O-rad , so !hal 22 S rm 
Thus, for 0= 40° 

= (60 sin 40* 2) (60 cos 40* P3.) (7) - 8860 
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*4.44 For flow past a sphere as discussed in 
Problem 4.43, plot a graph of the streamwise ac- 
celeration, a,, the normal acceleration, a,, and 
the magnitude of the acceleration as a function 
of 0 for 0 < 0 = 90° with V, = 50 ft/s anda = 
0.1, 1.0, and 10 ft. Repeat for V, — 5 ft/s. At 
what point is the acceleration a maximum; a min- 
imum? 











N= = z= = sin’ @ (1) 
and a, - VÀ - vá$ i2 , where weedy cos8 and s=ae@ 
Thos, or $$ a 

= (EU, sinb)(2 V, co56) - - © sino cose (2) 


Hence the magnitude of the acceleration is 


a az =- L feino tsino cso = 2 


Br LET ee meds 
[a] ain =O at 670, Ce” al 0 - 40" 








(3) | i = fu sin@—s Thus, 


An Excel Program was used to calcijate as, An, and a from 
Egns. (1,2) ana (3). The results are shown beso. The resttts for 


other valves are similar tb the factor Vj,*/a is accented for. 
The following dala is fer V, "s fi a1 fl 











0, deg a, ft/s* 
0 0.0 ; Acceleration vs Angular position 
5 0.4 E 
u ag | | : NM 
15 38 | | I d sift 
20 6.6 | P d 
26 10.0 e | 
30 14.1 2 40 | perma ftsa2 | 
36 18.5 E | 
40 23.2 = 30 —= streamwise accel, 
45 | 2841 E fis*e 
50 33.0 9$ 20 p - = accel, ft/s*2 
59 B77 o | a 
60 42.2 10 
65 46.2 
70 49.7 0 | 
£5 52.9 
80 546 | | O 10 20 30 40 50 60 70 80 90 
85 55.8 | 0, deg 
90 56.3 
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*4.45 The velocity components for steady flow through the nozzle 
shown in Fig. P4.45 are u = —Vyx/€ and v = Vg(1 + (y/€)], 
where V, and £ are constants. Determine the ratio of the magnitude 
of the acceleration at point (1) to that at point (2). 


AFIGURE P4.45 


(2) 


(1) g -Ya tay, where 


ay = Ud 4 ar Be - C yy My vol 14 LJ (0) (4) 
and 
a, 7 u 3 «3. Cp [I TOD = (FLL) 


Thus, from £e. 7 


a (PY pesa 


so that, 

a, (Ey JE. - V qs 
and 

Hence, 


Vo 4[£ 
2 AN Ju. NI 


*4.46 A fluid flows past a circular cylinder of radius a with an 
upstream speed of V, as shown in Fig. P4.46. A more advanced the- 
ory indicates that if viscous effects are negligible, the velocity of the 
fluid along the surface of the cylinder is given by V — 2V, sin 6, 
Determine the streamline and normal components of acceleration 
on the surface of the cylinder as a function of Vo, a, and @ and plot 
graphs of a, and a, for 0 0 x 90? with V, — 10 m/s and 
a — 0.01, 0.10, 1.0, and 10.0 m. 


2 : 2 E 
a= % = (2 es) x te čin o 

" V V 36 òV 
jV y2 a m 
Q,=Vas=Vig as , where v6 = 
or 26 = 

Thus, 


d; = (2V, sin@)(2Vo coso) e 





4 Vo? 





2 
da 
a 


V 
y 
"E o geeks 
ae 


BFIGURE P4.46 


5? cos O and S =q40 


Sin@ cos@ 


These results with V,zlo# and a=0.01, 0.10, 10 and /0om 


are plotted below. 


a=0.001ma=0.10ma=1.0m a=10m 


8, deg 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 


as, ft/s? 
0 
3473 
6840 
10000 
12856 
15924 
17321 
18794 
19696 
20000 
19696 
18794 
17997 
15321 
12856 
10000 
6840 
3473 
0 


a, ft/s? 
0 
347 
684 
1000 
1286 
1532 
1732 
1879 
1970 
2000 
1970 
1879 
1732 
1532 
1286 
1000 
684 
347 
0 


a,, ft/s 
0 
35 
68 
100 
129 
153 
173 
188 
197 
200 
197 
188 
173 
153 
129 
100 
68 
35 
0 


as, ft/s? 
0.00 
3.47 
6.84 
10.00 
12.86 
15.32 
17.32 
18.79 
19.70 


` 20.00 


19.70 
18:79 
17.32 
15.32 
12.86 
10.00 
6.84 
3.47 
0.00 


(con't) 


4 7H 


0 
304 
1206 
2679 
4679 
7144 
10000 
13160 
16527 
20000 
23473 
26840 
30000 
32856 
35321 
37 321 
38794 
39696 
40000 


a-0,110ma-20.10m a2: 10m a-210m 
an, ft/s? 


an ftis? a, fits’? ap, ft/s? 
0 0 0.00 
30 3 0.30 
121 12 1.21 
268 2/ 2.68 
468 47 4.68 
714 71 7.14 
1000 100 10.00 
1316 132 13.16 
1653 165 16.53 
2000 200 20.00 
2347 235 23.47 
2684 268 26,84 
3000 300 30.00 
3286 329 32.86 
3532 353 85.32 
3732 373 37.32 
3879 388 38.79 
3970 397 39.70 
4000 400 40.00 
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10000 






1000 









100 





"P 


4.47 . Determine the x and y components of 
acceleration for the flow given in Problem 4.4]. If 
c > 0, is the particle at point x = x > 0 and 
y = Q0 accelerating or decelerating? Explain. 
Repeat if x, « 0. 


Since k= C(X-y*) and v» -2exy il follows that 
gef "ad ; e 


q,7 $2 *u$y tv% 7 = = C(x*-y*)(2ex) +(-2cexy)(-2cy) 


or 


Q, - 2c* x (X^ «y?) 


and 
ay = F * U -SK or ty vy - c(x^-y2)(-2cy)*C2exy)C2cx) 


or 
ay = 2c*y(x*+y?) 


For X2X, and y=O we obtain’ 
u-CX; , v-O 
and 
A= Zoe y j ay =O 
Thus, wilh C20 and x,»0 ft follows that U9, G20, ¢.¢., the 
fluid is accelerating. 
With C>0 and X,<0 it follows that u 70, ax<O ; bria the 


fluid is decelerating. 
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4.48 When flood gates in a channel are opened, water flows 
along the channel downstream of the gates with an increasing 
speed given by V — 4(1 + 0.17) ft/s, for0 s t s 20s, where ! 
is in seconds. For ! 2 205 the speed is a constant V — 12 ft/s. 
Consider a location in the curved channel where the radius of 
curvature of the streamlines is 50 ft. For t = 10s determine 
(a) the component of acceleration along the streamline, (b) the 
component of acceleration normal to the streamline, and (c) 
the net acceleration (magnitude and direction). Repeat for 
t= 30s. 


V= ¥(/+0.14) H/s for oft £205 and V=l2ttss fa t >208 
= vot + ay where Wo 


Thus, y^ 

Q. of and an = p , where 7 50fl 
(!) For t =/0s 

(a) sN- 4 (0.1) =0. os, 


n e 2 yp» Hsod(9)] frs n = 1.28 H? 


(a a- (4? *a?)^ 4( o£ =) *(L2eE) 1" = |, eR 





(2) For t =30s: 
(a) Par e 12 Fl = constant 2 =0 and X =0 so that 
-V+ 20 

"n An VAR = (12 #6) JiS) = 8 


and | 
m ^ 
(c) a= (an +q?) 


E 


-298 f 
a = 2.88 -— 


T 


ü 


21 
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0.12 m—^4 
V - 









4.4.4 Water flows steadily through the funnel shown in Fig. 
P4.44, Throughout most of the funnel the flow is approximately 
radial (along rays from O) with a velocity of V = c/r?, where 
r is the radial coordinate and c is a constant. If the velocity ts 
0.4 m/s when r = 0.1 m, determine the acceleration at points 
A and B. 


FIGURE P4.44 i 


á | 
a= Ayn +, $, where an= =0 since R=% (ie. the streamlines 
Al N y p are straight) 

50, a; = V $s =V F, where VE 






Since V= 0.42 when r=0.lm it follows that 
c-Vr* =(0.42)(0.1m)* =4xj0-3 & , or ys E- M where r^'m 
Thus, N 
d =-(“z) - 26; ) = 2c 
S rp? r3] "^ rs 
At point A: 3 0.12m 
ý olp EY 30 
ds i (0.1 m)" Ld uad Om 
A 
At point B: , 
AAF ag A O.im yp =y (0-1) #(0.06)" 
O 


Ys 


4.50 


4.90 Water flows through the slit at the bottom of a two- 
dimensional water trough as shown in Fig. P4.50, Throughout 
rnost of the trough the flow is approximately radial (along rays 
from O) with a velocity of V — c/r, where r is the radial co- 
ordinate and c is a constant. If the velocity is 0.04 m/s when 
r = Q.] m, determine the acceleration at points A and B. 


FIGURE 


2 
a= dp n n +q; $ ; where Q7 -0s since A= (é, 
òV C 
Also, Q. = vr --V3jr, where D 
Since V= 0.042 when r=O1m it fo allows that 
c = Vr 2 (0.04? )(0.1m) — Kx Es 
Thos, 


a - X &)- = 
At point 8^, 


r 


(uit E) 
Ed = 242 ge? 
ds (0. Bm. B 
At poit B: ge 
(4 x10 =) a D onum 2 
4S7 (02m)? uda Me. 


3-6 


-x 16 
V= X/ 





P4.50 


e, the streamlines 


are "straight ) 


m where rem 
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4.5! Air flows from a pipe into the region 
between two parallel circular disks as shown in 
Fig. P4.S!. The fluid velocity in the gap between 
the disks is closely approximated by V 2 V,R/r, 
where R is the radius of the disk, r is the radial 
coordinate, and V,is the fluid velocity at the edge 
of the disk. Determine the acceleration for r = 
le 2 0r.3 ft 1 Vee= 5 ft/svand R = 3 fit, 


— A^ V? 1 | 
=a, +a., where q=y =O since X79 (ie the streamlines 
* > at. VaR are ‘straight 


Also, a, = yx = v% , where V= E 
ae Y=5it and R=3ft | y= = g , where r ^ fl 





FIGURE P4.51 








a, (X8) A). _ VER (si 2 = af as ft hod 


Pus. q, = -225 $ 


Ai r=2ft, a= - 29,1 £ 


Atr=3fi, ass= -8.33f 
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4.52 Air flows into a pipe from the region between a circular 
disk and a cone as shown in Fig. P4. 52. The fluid velocity in the 
gap between the disk and the cone 1s closely approximated by 
V = VR?/r?, where R is the radius of the disk, r is the radial 
coordinate, and V, is the fluid velocity at the edge of the disk. 
Determine the acceleration for r = 0.5 and 2 ft if V} = 5 ft/s 
and R = 2ft. 


EFIGURE P4.52 


A=mhhta s 


J 





z 
where dp” + -0 since R= (i.e. the streamlines 
are Sirajght) 


Also, a, = v% = -y2 since F ands are pointed in opposite 7m ons. 


Thus, with V= V,R/r? it follows that 

- (Vo R%Ur*) (-24 Rr?) - 2 V, ie 

2(5fY (2f)/r* « 800/r* 1 where r~ t 
Air = 0.5 ft 1 p00 /o.s)* £, = 25 600 


M 


qe 


Hr at l, = 00/(2.0) &, «2rd 


f?* LE RE 
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4.53 Air flows steadily through a long pipe with a speed of 


u 
u 


— 50 + 0.5x, where xis the distance along the pipe in feet, and 
is in ft/s. Due to heat transfer into the pipe, the air temperature, T, 


within the pipe is 7 = 300 + 10x °F. Determine the rate of change 


of the temperature of air particles as they flow past the section at 


x 


c qc 


= ft. 


T eT T 
T àT à d wise 


^1 ^4 "x cM y ts , 


t dt 
i“ = 50 tO,5X , A -0, A -0 and 
T = 300+/0x 


T hys, 
T 
DT 20 tut +040 


Dt 
oF 
- (50*0,5x)(I0) - 500 *5X "5^. wfere X^ f 


Hence, at X=5 ff 


DT | p d 
ji * 500 +O(5)= $25 — 
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4.54 A company produces a perishable product in a factory 
located at x = 0 and sells the product along the distribution route 
x > 0. The selling price of the product, P, is a function of the 
lenght of time after it was produced, ¢, and the location at which it 
is sold, x. That is, P = P(x, t). At a given location the price of the 
product decreases in time (it is perishable) according to dP/dt = —8 
dollars/hr. In addition, because of shipping costs the price increases 
with distance from the factory according to dP/dx = 0.2 dollars/mi. 
If the manufacturer wishes to sell the product for the same 100-dollar 
price anywhere along the distribution route, determine how fast he 
must travel along the rout. 


DP JP 


(ai ow 
f Lr 


dollars 
aP =- g Llars dollars and 2 P 202 a 


But, P =/00 dollar anywhere, So that oF 


Hence, 


àP 
-i thoy or 


9781 (-8 dollars/hr) 


mi 
A x (0,2 dollars/m’) hr 
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4, 5.5 Assume the temperature of the exhaust 
in an exhaust pipe can be approximated by T = 
T(1 * ae*)(1 + c coslwt)}, where Ta = 
100 °C, a = 3, b = 0.03 m*', c 7» 0.05, and w 
= 100 rad/s. If the exhaust speed is a constant 3 
m/s, determine the time rate of change of temp- 
erature of the fluid particles at x = 0 and x = 
4 m when t = Q. 


Since U=32 


, v=0 , and w=0 if follows that 


DE. T m _ oT = Mos OF quus di 
Thos, 

DF e%(ltae ")-cwsinut)+UT, (156 castot)(-ab & P") 
When t=O: 

Be -- enu Leg) V "€ or with the given data, 

or. -(3) (0.03 m)(32)(100 °C) (1+0.05) e@ a, 


— o 
= aig g MR -6 , where X~m 


Thus, HH =-28.4 © at xz =0 , t=O 


DE za at. = š 
DE REIF at Kym t=O 
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FS 6 | 4.56 A bicyclist leaves from her home at 9 a.M. and rides to a 
beach 40 mi away. Because of a breeze off the ocean, the tem- 
perature at the beach remains 60 °F throughout the day. At the 
cyclist's home the temperature increases linearly with time, go- 
ing from 60 ?F at 9 A.M. to 80?F by 1 P.M. The temperature is 
assumed to vary linearly as a function of position between the 
cyclist's home and the beach. Determine the rate of change of 
temperature observed by the cyclist for the following condi- 
tions: (a) as she pedals 10 mph through a town 10 mi from her 
home at 10 A.M.; (b) as she eats lunch at a rest stop 30 mi from 
her home at noon; (c) as she arrives enthusiastically at the beach 
at 1 P.M., pedaling 20 mph. 80° 


From the given data the temperature, T, z 

varies as a function of location, x, and 

time t as shown in the figyfé: 
Tey st 

Thus, DI z "i tus 

(qa) At X =/0mi and t= 10am, 

òl . (759-607) — u ye 








T thr | ; 
jp 2 (60-65) | Lo); 
ox — tomi g mi 

. M . 440 
Thvs wHh u=l10mi/hr, 22 


5 : 
BT e 42 hr 10-9. (74 *m;) 


= 2,5 /hr 


àT | (65-6) _ 5. 
(b) A1 noon wilh LO (resting) and it ~~ zy. ~ 7 /hr 


T c 
n -H +y = of =F App = (25 "/hr 


T dT (60-980) 
(c) Upon arival al the beach with U= 20 mph sh 4% and 3x = — 40m — 


| =-0,5 mi 
Df = 21 1 y 2T = ut x 205" (-0.5 mi) = -10°/hr 


prez 


4,57 


4,57 The temperature distribution in a fluid is given by T — 
10x + Sy, where x and y are the horizontal and vertical coor- 
dinates in meters and T is in degrees centigrade. Determine the 
time rate of change of temperature of a fluid particle traveling 
(a) horizontally with 4 — 20 m/s, v — O or (b) vertically with 
hp 25pp/s. 


T èl ddr DT. IT 
BF - rugs +V $y , where $f =0 

d "C x s G 
Thus, if U=202 and v=0, then OF - ud = (20@)(10-) = 200 > 


and a en hb 
jf u=0 and v=20%,, then DE = vir = (20P)(Sm) =100s 
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4.59 The wind blows through the front door of a house with a speed 
of 2 m/s and exits with a speed of 1 m/s through two windows on 
the back of the house. Consider the system of interest for this flow 
to be the air within the house at time t = 0. Draw a simple sketch 
of the house and show an appropriate control volume for this flow. 
On the sketch, show the position of the system at time t = 1 s. 


Since the air enters at 2m/s and leaves at /m/s, the air 
al the entrance and ex has moved =V di ude (/s) -25g 
and L, =V. di = [m/s (1s) «| m, respectively. The control 

volume, which coincides with the pr al 1-0, and. The 

sys ler at t=ls are chown below. 





! 
Atte liaccy Covered h 
p. 


h 
i 


(2) 


S Pa wo"  w. uw $F— o X - ow - WW ou. = ot 


— — — control Volume and ovr flow 
system al 1-0 


pé wo == oes SYSTEM at t=5t=/<s 





Heb 
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4.60 Water flows through a duct of square cross section as 
shown in Fig. P4.60 with a constant. uniform velocity of V — 
20 m/s. Consider fluid particles that lie along line A— at time 
t = 0. Determine the position of these particles, denoted by line 
A' -B', when t — 0.20 s. Use the volume of fluid in the region 
between lines A~B and A'—B’ to determine the flowrate in the 
duct. Repeat the problem for fluid particles originally along line A A C C’ E E' 
C-D; along line E—F. Compare your three answers. FIGURE P4.50 





Since V is constant in time and space, all particles on line AB 
move a distance y's V at =(20-2) (02s) 2,» trom t=0 Jo f= O25 
Thos, the volume of ABRAB’ is Apne’ = (0.5m (+m) =1.00 m 


so that : 
Qs Voga'g' . 00m | zom? 
^ — At 0.25 © S 


Similarly from t=0 tot=0.2s the fluid along lines CD and EF 


move to C D' apd EF respectively. Also, Y c^ =e! = Vora os 


so that we obtain Q= E = 5.02 regardless which line we consider. 


4.61 Repeat Problem 4.60 if the velocity profile is linear from 0 to 
20 m/s across the duct as shown in Fig. P4.61. 


FIGURE P4.6/ 


From t=0 to t=0./ s the particle initially al B travels a distance 
b= Vat =(20%)(0.1s)=2m as show, Particle A remain fixed since 


Va*0. Since the velocity protile is linear, line AB remams straight, but 
“Hilis” 4s indicated. Thus, the volume of fluid crossing the intial line 
AB is age = $ bo A =H (2m)(0.5 m)* = 0.25 m3 so that 

5 3 


t 1 0.2 m 3 d 
=A OM ask Since Y, 


A 0.15 CDD — Weng? = "TTL if 


follows that the same valve of Q is obtained regardless which volume 
is used. 








4.62 Inthe region just downstream of a sluice gate, the wa- P à cul V = 3 ft/s—| 





ter may develop a reverse flow region as is indicated in ; © Deos SES p 

Fig. P4. 62 and Video V10.Q The velocity profile is assumedto; V | DARAN eese. LB ft 

consist of two uniform regions, one with velocity V, = lO0fps, ^ NX Ẹ ECE N a uim 

and the other with V, = 3 fps. Determine the net flowrate of | Ro TE ae i "is 4 =- ped 1.2 tt 

water across the portion of the control surface at section (2) if PN LUN E EE yere" IX INT, 

the channel is 20 ft wide. (1) (Y us 
V, « 10 fUs 


FIGURE P4.62 


(0 €) (1:2 H)(0fl) - (3 É)(L88) 20fl) 
e 432 £t 


M 


Q = VA, 7 Vs A, 


and air rushes in. If the tank has a volume of Y^, the tank. 
and the density of air within the tank increases 


For t 20 , e* Us PF so that M=mass of air in tank 


5 Y= o YO B "n 
Thus, d Leu p e ee L1 
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4.63 At time ¢ = 0 the valve on an initially as p — p.(1 — e^"), where b is a constant, de- 
empty (perfect vacuum, p — 0) tank is opened termine the time rate of change of mass within 


4.65 Water enters the bend of a river with the uniform veloc- 
ity profile shown in Fig. P4.65,At the end of the bend there is 
a region of separation or reverse flow. The fixed control vol- 
ume ABCD coincides with the system at time t = 0. Make a 
sketch to indicate (a) the system at time t = 5 s and (b) the 
fluid that has entered and exited the control volume in that 
time period. 





Control volume 


"FIGURE P4.65 


Since the distance the fluid travels in time 5t=5s is L=Vdt the fluid 
at A-B when t=0 has traveled P «([mis) C53) «5m. when t-dl« &s. This 
js shown in the figure below. Similarly, the flvid across C-D at t=0 has 
moved as indicated when t= dt=Ss. Thus ihe boundary at the System 
al 1*5 s are as show in the figure below. The fluid that entered and 
exited the control volume in that time period is also shown, 








Fivid that has 
entered 
d n 
volyme 
Sy, 
FAY o, 
— — — control volume and :- Fluid that has 
system al t=0 Fluid +h " ae control 
d U d Voye 
ee system at 1755 entered contre 
Volume 
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4.66 A layer of oil flows down a vertical plate as shown in 
Fig. P4..66 with a velocity of V = (Vo/h?) (2hx — 27) j where 
V, and h are constants. (a) Show that the fluid sticks to the plate 
and that the shear stress at the edge of the layer (x — A) is zero. 
(b) Determine the flowrate across surface AB. Assume the width 
of the plate is b. (Note: The velocity profile for laminar flow 
in a pipe has a similar shape. See Video VG./3) 


a) Vv = 4 (2hx -x* 


TAS, 
v | V en =O and 
| O 


E. E: 3 [2^ -2x| = 0 
X=h 
I the n sticks to the plate and there is no shear 


stress al the free surface. 


x=h h 
b) yy = (ard = {arbde - (X, (ahx-x*)b de 
xXx=0 O 
Or h 
Qap = Mob [ hx*-4x°| - $khb 
D 
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4.67 


, 
2 


4.67 Water flows in the branching pipe shown 
in Fig. P4.67 with uniform velocity at each inlet 
and outlet. The fixed control volume indicated 
coincides with the system at time £ = 20s. Make 
asketch to indicate (a) the boundary of the system 
at time / — 20.1 s, (b) the fluid that left the control 
volume during that 0.1-s interval, and (c) the fluid 
that entered the control volume during that time 
interval. 





— — — Control volume V2 = 1 ms 


FIGURE P4.67 
Since Vis constant , the fluid travels a distance L= Vat in 
time at. Thus, L=Vat = (2-$)(201-20)s = 0.2m 
L= Vaat = (1 @) (20.1-20)s = O.)m 
and $, = Vaat = (2.5%)(20.1-20)}s = 0.25m 
The system at 1=20./s and the flvid that has entered or 
exited the control volume are indicated in the Figure below. 


(1) 


iv, tlow into control vol. 
Ip. 





— — — control volume 
E system a} £= 20.1 s 


~ me 
N. 7)» (2) 
flow into control vol. 
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4.68 Two plates are pulled in opposite direc- , 
tions with speeds of 1.0 ft/s as shown in Fig. a aet 02ft—4, 
P4.68. The oil between the plates moves with a 


velocity given by V — 10 yi ft/s, where y is in Control 


Feet. The fixed control volume ABCD coincides volumen 
with the system at time ¢ = 0. Make a sketch to 


indicate (a) the system at time ¢ = 0.2 s and (b) 
the fluid that has entered and exited the control 1 ft/s 
volume in that time period. 


] ft/s 







*— M — > — — — 


FIGURE P4.68 


Since V-uty)f£ = Io yt it follows that the fluid flows in the 
x-direction a distance of ax = U at = /0y (0.2) fł = 2y f! 
Írem 6*0 lo t=0.2s. The lines A-B and C-D (the ends of 
the original system location) deform into lines A-2 and C-b'as 
shown in the figure below. The portions of the system that have 
entered and extted the control volume during this time are 


indicated, 


flow into contro] vol wr 
flow out of control vol, Ne 


Al whe: £ AL zs = Flow into control vol. 
0. MU D' 





—— ÉL coni rol volyme 
_.--------- system at t=0.2s 


4-40 


4, 69 






4.69 Water is squirted from a syringe with a speed of V = 














A st 4 
5 m/s by pushing in the plunger with a speed of V, = ue ‘Plunger n a if js Q 
0.03 m/s as shown in Fig. P4.69. The surface of the deforming [—— >v, - DL es iras EU 5 m/c 
control volume consists of the sides and end of the cylinder and OMS 
the end of the plunger. The system consists of the water in the | Eu s aid 





syringe at ; = 0 when the plunger is at section (1) as shown. 


(1) 
Make a sketch to indicate the control surface and the system —o.08 p 
when / = 0.5 s. 


FIGURE P4.54 


During thet =0.5s time interval the plunger moves £ = Vp £t =0.015m 
and the water initially at the exit moves L= Vót =2.5m. The 


corresponding control surtacesand systems at t=O and t=0.5s 
shown in the figure belw. 


me ae 


|. xot AN 
i a 8 ` U i Ei 
|. T vt E NP d : E i2 $ " à - e> 
2 + Se 
lur a 2.5 m Pd 
0.065m 
0.08m 
— — — contro! volume at t=0.5s 
Dy E sys tem at f=Q.55 


4 -6l 
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4.70 Water enters a 5-ft-wide, 1-ft-deep channel as shown 

in Fig. P4.70. Across the inlet the water velocity is 6 ft/s in 

the center portion of the channel and | ft/s in the remainder 

of it. Farther downstream the water flows at a uniform 2 ft/s 
velocity across the entire channel. The fixed control volume 
ABCD coincides with the system at time = 0. Makeasketch §& fs 
to indicate (a) the system at time ? = 0.5 s and (b) the fluid 

that has entered and exited the control volume in that time 
period. 





S Control surface 


& FIGURE P4.70 


During the (9.55 time terval the tlvid that was along 
Ine BC at time t=0 has moved to he right a distance 
=V t= 2i (0,55) 7 [ff. Similarly, portions of the 
fluid along line AD have moved Á-1£É (o 5) = 0SH 
and Á- é £ (0.55) « 314, This assumes the 1È and 
6£ flvid streams do not miy or ntermingle during the 
05s time interval. See figure below. 


AA _ a 6S ee ee ee _8 8 
ie yo 
| 2! T n. AN 
Fluid tht Tri p. 
emered — fe aft ae ft fluid that 
ae ol ES ques OT exiled contrel 
0 e E "= at 
y A. "me b volume 
| a E 7. 
boat co EUM c € 
— — — fixed control volume 
—- system af f=0.5s 
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4.71 Water flows through the 2-m-wide rectangular channel 
shown in Fig. P474 with a uniform velocity of 3 m/s. (a) Di- 
rectly integrate Eq. 4.16 with b = | to determine the mass 
flowrate (kg/s) across section CD of the control volume. 
(b) Repeat part(a) with b = 1/p, where p is the density. Explain 
the physical interpretation of the answer to part (b). 


a Control surface 


MBFIGURE P4.7 


d Buy =] ob Vh dA D 


cos 0 / 9 





CSout f V 
8 ^ 
Wilh b=/ and Vin = V cos this becomes Z n 
B = Sev cos dA V cos0 | df ° 
=eV cas? A. where hi =f (2m) pe OSm 
s (2m) 
sa ) m? 


Thus, with V=3mM/s, 
B , = (3%) cosd (5) m*(999 44.) = 2000 2 


b) With b- l/p £g (I) becomes 
B= | Wada “(Vea dA = Veo A 


CD 
m? 
-(3 2 cose (cas) = 3.00 £ 


Wilh b= Vo = qmm = es it follws that “B ~ volome” 
(ie, b= Gaz) so that S VR dA = B i represents The Volpe 


flowrate (ms) from the control volume 
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(1) 


0,5 m 


472 


15 ft/s 


4.72 The wind blows across a field with an approximate 
velocity profile as shown in Fig, P4.72.Use Eq. 4.16 with the 
parameter b equal to the velocity to determine the momentum 
Howrate across the vertical surface A—B, which ts of unit depth 


into the paper. 








y 
S FIGURE P4.72 

En y-2011 

hs ^ JebV-n dA = {ev VindA = p ((Va)L(va):#] (1 Fdy 

20 AG y 
- pe V' dy 

But, V= /2 y fi for Osy slofl(£e., V»Oalyso; Vers ft al y =/0) 
and V=15Ẹ for y2lo ft 

Thus, o a 20 ; 10 
B = pt] (CE) dy + fash |= TIE 4225 y | 

O lo 0 0 


lv 4 # 
= 0,002.38 “a | 750 B +2250 5 ]t 


a slug ft 
= zee Stef = 7/40 Ib 
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5.5 Water enters a cylindrical tank through two pipes at rates of 
250 and 100 gal/min (see Fig. P5.5). If the level of the water in the 
tank remains constant, calculate the average velocity of the flow 
leaving the tank through an 8-in. inside-diameter pipe. 


Contre! volume 
a - 


— MÀ— — — 






"e enn: ee 


P Qi = 
Section (2) A 100 gal/min 
Q> = 
250 gal/min — Section (3) 
=> (= A.V. 
Q7 ^33 


~ 


~~ = 
HFIGURE P6.6 





: ^ 
For steady and incompressible Flow through the contol volume shown 
As = Q, * Q, 


Or 


Bo p(@t%)= 22 (0,4 Q) 
4 


Ug 

Wee Los p ((120 gpm + 250 gpm) (23! Zs jg Ye | 

7" in.) gal 60 3 A/Z n 
4 iuc Fh 


s SORS 44 
COTES 





exl 





5.6 Water flows out through a set of thin, closely spaced blades as 
shown in Fig. 5.6 with a speed of V = 10 ft/s around the entire cir- 


cumference of the outlet. Determine the mass flowrate through the 
inlet pipe. 








~ t 


5B EI GUR E P5.6 


Use the contre! volume. contained within the broker, 
lines Shown in the sketch above . 


Frm the. conservahon of mass principle 


nm deg = Mit let 
Also 


oA V cos 60° 


"m At lez dufe + oute} 


Outlet Outlet 
= (1-44 3 2T (e error foto ft )cos 60 
£1 
- 2.66 slugs 


5 


= P awr LV Cos 60 
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5,7 


8.7 The pump shown in Fig. P5.7 produces a steady flow of 10 
gal/s through the nozzle. Determine the nozzle exit diameter, D», 
if the exit velocity is to be V4 — 100 ft/s. 





BFIGURE P5.7 


F Flow Q, = 2 jo 18! (53i 5 ( 1875) «357 ££ 
on steady OW OQ, where Q, =10 S (2 ! 24] J Unos CO Ts 


Thus, with Vo = 1008 
3 
1337 E = A, = ED (1008) 


or 
D, = 0,130 ft= 1.57 in. 
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5.8 Water flows into a sink as shown in Video V5.1 and Fig. P5.8 
at a rate of 2 gallons per minute. Determine the average velocity 
through each of the three 0.4-in.-diameter overflow holes if 
the drain is closed and the water level in the sink remains 
constant. 






Three 0.4-in. diameter 
overflow holes Q = 2 gavmin V 





— ME: 


- - 
Der ee eT ee =o = 
| T E E 
1 a e 
: m — A 
TRES — 
3 i = 
re tet * fige 


= 
a AA 
mum 


Da rr rtm 
D 
EM = 


a. 
ie M 
is Bod 
sf ; 
i 

L3 


EFIGURE P6.86 


Q, =Q, for the control volume indicated, 


where P 
m 4 min 

Q, = 2 605 ) 7.49 gal 

This 


4 
fi? k 
E -Q | 0,0044 
4 T 


3 
— 0.00446 ft 


= 1,704 


a 


= 


§.9 The wind blows through a 7 ft X 10 ft garage door opening 
with a speed of 5 ft/s as shown im Fig. P5.9. Determine the average 
speed, V, of the air through the two 3 ft X 4 ft openings in the win- 
dows. 





[———————— —22 f———— ——————.4 
BFIGURE P58 


For steady M COMA pressi ble tlaw 
Q gavage i Qs clow t uS 


door 
Y A V =- A. V+A, A? 
garage normal to Window Window 
door garage door 


So the average speed , V of the air through +he two win dors I$ 
Agarage Vaormal to garage door (7 #+) (10 FH) (S E ) sonaa? -4,99 ft 


/ 2 A uus ela 2GA tt ) 














§.10 The human circulatory system consists of a complex branch- 
ing pipe network ranging in diameter from the aorta (largest) to the 
Capillaries (smallest). The average radii and the number of these 
vessels is shown in the table below. Does the average blood veloc- 
ity increase, decrease, or remain constant as it travels from the aorta 










to the capillaries? 
Vessel Average Radius, Number ! r “N : mm^ 
Aorta 12.5 l I56 
Arteries 2.0 159 636 
E. oum Her 
" ; [4 0, too 





The average blood velocity, V, is yelated +o the blood mass flaw, wi. 


"RP 
where, e c JI density, A 1S wessel cross section Area (Tr) 
/ 


and N i$ number JL vessels. So ew constant m and Q, 


V= ETN) 


and since te yin product becomes 
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la ger, the average velocrty becomes smalkr. 





§.11 Air flows steadily between two cross sections in a long, 
straight section of 0.1-m inside diameter pipe. The static tempera- 





ture and pressure at each section are indicated in Fig. P5.11. If the Section (1) Section (2) 
average air velocity at section (1) is 205 m/s, determine the average 7 
: . l Pı = 77 kPa (abs) P2 = 45 kPa (abs) 
air velocity at section (2). T, =268 K T. = 240K 
V, = 205 ms dnd 


r 


.BFIGURE P865: 


[his analys1s 1s similar To the one OF Example 5.2. 
For steady flow between sections (1) and (2) 


S 
| 
2 


2 / 
Or _ m 
macer 
Thus 
Ve y 
2. 


2^5 


hi, Sins under the conditions of this problem, air 


(i) 


BSD 


behaves as 4n ideal gas we use the ideal gas 
equation of stale ( Eg 1.8) # get 


of - Ai (2) 
Q BTI 
Combining EFs. | and L and observing that A, =A, 
we get 
Z- A E V, (7? A (ais )] (270K2 (205 2) 
7 f i, [75 Rfa(Gbs C268 K) 5 
V= BH om 
2 S 
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5.12 A hydraulic jump (see Video V 10.10) is in place downstream 
from a spillway as indicated in Fig. P5.12. Upstream of the jump, 
the depth of the stream is 0.6 ft and the average stream velocity is 
18 ft/s. Just downstream of the jump, the average stream velocity is 
3.4 ft/s. Calculate the depth of the stream, h, just downstream of 
the jump. 





E FIGURE P5.12 


For steady 1n compressible tlw belween sechons (1 )and(2) 


Q, = Q, 


Or oN 

V À, - VA, 
Thus 

V h E V h, 
and 


h= Kh, a (e Der) 
(3.4 &) 


2 ants 
V, 


3,18 +t 





Wet air 
m - 156,900 Ibm/hr 


5.13 An evaporative cooling tower (see Fig. P5.13) is used to cool | 


water from 110 to 80°F. Water enters the tower at a rate of 

250,000 Ibm/hr. Dry air (no water vapor) flows into the tower at a | 
rate of 151,000 Ibm/hr. If the rate of wet air flow outofthetower | , Warm weter —»- 
is 156,900 Ibm/hr, determine the rate of water evaporation in | "'- 250,000 Ibm/nr 
Ibm/hr and the rate of cooled water flow in Ibm /hr. | 





Ory air = 
m = 151,000 Ibm/hr 


For steady flow of dry air SB FIGURE P53 
( (1) 


Cooled 
water 


m. - Ma, dry air 


For steady flow of water 


n e n (2) 
"m m water 4 
Also 
. = . P m 
mM, Ta dry air 2, Water (3) 


Combining Eqs. l and 3 we get 


> = M- m., = rate of water evaporation 
P) water 2 3 
m -/56 900 !'?m . [51,0 B = = 
2, water k Pays y 


Lrom Eg. Zz We. get 


= m- m = rate otf cooled water Fow 
wy 7 / e water 
or Ihe, 
; 250 000 lon — $900 lom - 244 000 —— 
m, Ó f Ar hr Ar 


5.14 At cruise conditions, air flows into a jet engine at a steady 
rate Of 65 lbm/s. Fuel enters the engine ata steady rate of 0.60 Ibm/s. 
The average velocity of the exhaust gases is 1500 ft/s relative to the 
engine. If the engine exhaust effective cross-sectional area is 
3.5 ft", estimate the density of the exhaust gases in Ibm/ft". 





lor steady flow Valu me 
H = m+n 
3 j 2 
or B | | 
& ^ V, 7 any 7 Pe 
Th ! [bn 0,60 lbn 
» = m, + m » 65 = T E] 
A A, V, (3.5 ft) (1500 £t ) 
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5.15 Water at 0.1 m"/s and alcohol (SG=0.8) at 0.3 m*/s are mixed 
in a y-duct as shown in Fig. 5.15. What is the i density of the 
mixture of alcohol and water? 


=> 
Water " 
Q 2 0.1 m?/s 


Alcohol (SG = 0.8) 
Q = 0.3 m/s 


BFIGURE P5.15 


For bier. tlow 
m : m, -m 
Or 


Q9, * 2€, "42Q, 


Also, since the water and alcoho! may be considered 


7 Compre S54 ble 


Q + Q, = Q3 


Combining Egs. / and 2 we get 
Pa * ZA, = 2(Q,* Q 


m = 2, 7 ZA, 
Q, + Q, 
d 

an pl, + SG, Qa) 
/3 | Q +Q, 


E M eoe dicia 0] gu? e > 
037 EL 


m? 
Of = 2 > 
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5.16 Freshwater flows steadily into an open 
55-gal drum initially filled with seawater. The 
freshwater mixes thoroughly with the seawater 
and the mixture overflows out of the drum. If the 
freshwater flowrate is 10 gal/min, estimate the 
time in seconds required to decrease the differ- 
ence between the density of the mixture and the 
density of fresh water by 50%. 


A frxed, non- de forming control volume that contams the 


water mixture m the 55-94/ drum js used. Fresh water 


with density, fh, and Volume 
The mixture is assumed to be homogeneous 
throughout the contro! yolume aud leaves the contol volume 
with density, 2 , and volume flowvate, @2 . Application 

of the conservation of mass eguation ( &. 5.5) fo the 

How through this Control volume yields 


d = j (1) 
i fe j A @, Á e " 


Since the fluids wvolved are sncompressible, Q,= Q,=Q. 


enters the control volume 
flowrate, Q, - 


Also. the Volume of he Conte! volume jis comstant Thus 
Eg. | leads to 


P 
4 dh), £Q -2 
dt Fi 
Or 
al%) , ke -2 e) 
a A T, Wars 
The solution of £3. 2 is 
at 
& . C e*v + 10 (3) 
2 lI 
3íugr/. 3 
AU v9, L^ = Sreawate - 6. n /.026 





se Am fe ur CL 24 FIY? ) 


thus 


(Cont) 


Then for 
m = Q0 _ 

Re TZ 5(p.- Pp) 
where 

e = fing/ mixture density 

2, 

Li = initial mixture density 
we Lave 


Æ x 
A o: OS f lak + » = O5/¢.026+1)] = 0/3 
£ SF; 


Substituting Mis value ZR. givens infe £4. 3 we gel 
g (55gal ) (60m) 


1.013 = 0.026 € + 1.0 


and 
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5.17 A water jet pump (see Fig. P5.17) involves a jet cross-sectional 
area of 0.01 m^, and a jet velocity of 30 m/s. The jet is surrounded by 
entrained water. The total cross-sectional area associated with the 
jet and entrained streams is 0.075 m?. These two fluid streams leave 
the pump thoroughly mixed with an average velocity of 6 m/s 
through a cross-sectional area of 0.075 m?. Determine the pumping 
rate (i.e., the entrained fluid flowrate) involved in liters/s. 


6 m/s 
za "NI | 








d oe ~ 
f | 
















Si a ‘i i 1* m / 
| d —E >} W ra ine 1 d fil i IT i 
Hn pi | nS MER ES 
i dix at ly n vm RETIA "ae 
LU CHR D M 


BFIGURE PS.17 











water E i 





For steady in compressible tow through the contro! Volume 
Q,*Q,-Q, 


Or 


VA, +a, T V; A, 


Thus 
Q,= V,A,- VA, - [6 @)(0.075 wm) - (30 m yo o1 i) (oo 
Q, = 150 fiers 
S 


5319 


5.18 


5.18 Two rivers merge to form a larger river as shown in 
Fig. P5.18. At a location downstream from the junction (before the 
two streams completely merge), the nonuniform velocity profile is 
as shown and the depth is 6 ft. Determine the value of V. 





E FIGURE P5.18 


Use the cmtol volume shown withm broken lines 
in the sketch above. We nok that m=pAv and 


trom the comservahon of mass principle we. 
Get 


hus 
PAY, + PAY, T A IFAN 


V= AVC*A (unt) ene E) 


A CO2) 4 À (eo Yéftfo. 8) (fee e) 


0.9 v 


and 





Y= 2-63 


-——— 
— 


"DL 
~< 


5.19 "Various types of attachments can be used with the shop vac , 
shown in Video V5.2. Two such attachments are shown in Fig. P5.19 
— a nozzle and a brush. The flowrate is 1 f/s. (a) Determine the 
average velocity through the nozzle entrance, V... (b) Assume the air 
enters the brush attachment in a radial direction all around the brush | | 
with a velocity profile that varies linearly from 0 to V, along the length 
of the bristles as shown in the figure. Determine the value of V,. 


3 
(a) Q, = Qı where Q,=1 H 
Thus, 3 





| 
AV =Q Ke VERAM Z - 2 
pe AER 
V, = 45.8 t 





(b) Q, * = Oy where Q, = ES eag Q,- 
V = average velocity at (3) = = V, 


a" 
in fran 8) -/ S ,or 
y= - 20.4 É 
















F i T EY 
oue à 
"XE ru m iu 
T E. M nu T i 
Sat Oy) Ai OY: AA A 
L3 
y XE Nm 1.5 in. 
A 4 E P T" e TAE ^ L^ "m 
4 5 E 1j " A 
| A "Y^ v. A rd ue 
é iui A $ eem Hee eR ls dE an mm 
E py buethudine a 


A; where 


7 
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5.29 An appropriate turbulent pipe flow velocity profile is 


R=- l/a A 
P R r) i 


where u, = centerline velocity, r = local radius, R = pipe radius, 

andi = unit vector along pipe centerline. Determine the ratio of av- B 
erage velocity, e, to centerline velocity, u,, for (a) n — 4, (b) n = 6, Cross »ecimon 
(c) n — 8, (d) n = 10. Compare the different velocity profiles. ae 





For any cross section area 
A 
Also j 
— A — ^ 
V. ni = V. ' = Uz (=) 
A dA = Zrmtr dr 


Thus tor 2 uniform ly, distributed density , Ø, over ara A 
A on n 
[e (5z5)^ zmear 





E n- RŽ 
and 
R LL 
t [I-A - pt 
Kc o A ph K Zn*+ 3n +! 
U 


n — 





ufuc 


8 0. 837 





10 0.866 


0 2 4 6 8 10 


The different velocity profiles (including tov laminar Flow ) ave com haved m 
Fio. 8.18. Since he profile for n =4 “s ned practically Significant it IS 
not Shown. 


§-/£ 


Leg | Pu 


D Yl Asshown in Fig. P5.2), at the entrance to a 3-ft-wide 
channel the velocity distribution is uniform with a velocity V. 
Further downstream the velocity profile is given by u = 4y — 
2y*, where u is in ft/s and y is in ft. Determine the value of V. 





BFIGURE PS5.21 


(se the mbal volume indlicakd by the broken lines jn 
The skelth abwe. 


From the conserva hor of ING SS principle 
Q =a, 


1 tt 
MA, = [ud [(ty-2y2)b dy 
A 0 
; | f! 3 
v(0354)L = ray. "EE #6 4 
= 3 Jo 3 5 
Va Y m ft 
30.75) — 5 


5.22 A water flow situation is described by comers at (x, y, z) = (0, 0, 2), (5, 0, 2), (5, 5, 
the velocity field equation 2). (0. 5. 2), (0, 0, 0), (5, 0. 0), (5, 5, 0), and (0, 
V = (3x + 2)i + (2y - 4)j - Szk ft/s _>, 9) as shown in Fig. P5. 226. 
where x, y, and z are in feet. (a) Determine the 
mass flow rate through the rectangular area in the 
plane corresponding to z — 2 feet having corners 
at (x. v, z) 7 (0, 0, 2), (5, 0, 2), (5, 5, 2), and 
(0, 5. 2) as shown in Fig. P5.22a.(b) Show that 
mass is conserved in the control volume having 








(a) The general expression for mass * 
flowrate across avea A, is (a) (b) 


B8. FIGURE P5. 22 
me [ je Vv. RdA 
| "A, 


Since the z-direciion corgonent Of velocity, w, f 
IS uniformly distributed over A,, we cap use 


m - 0 (ws, A, 32 r9 slugs) (10 f; ys 4n) 


or £13 
m = 485 Slugs 
/ | e 





(b) If fe v hdA O, then mass is conserved. 


However [rv nda = 2. m Qnd since the component 


CS 
of velocity normal to each plane area of the contro! volume 
iS uni Tormfy distributed over that area we have 


2.m = o (-w,A, + w, A, - 6 À, t yA, + LA tA) 
Xm = (-250 f+ Of — 20 H's 170 ft vol +602") 
| >m=O and mass is conserved. 
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5.23 An incompressible flow velocity field 
(water) is given as 


l; l. 
V= --e + ~ê m/s 
r a 


where r is in meters. (a) Calculate the mass flow- 
rate through the cylindrical surface at r = 1 m 
from z = 0 toz = 1 m as shown in Fig. P5.23a.- 
(b) Show that mass is conserved in the annular 
control volume from r = 1 m tor = 2 m and 
z = 0toz = 1 mas shown in Fig. P5.23b, (a) 





(b) 
FIGURE P5.23 


(a) The general expression for mass towrate 
across cylindrical area A, (8 


- [oV fias 


Since the radial direchan component of velocity, V, 
is unttormly distributed ovr A, we can use 


y= 2.0% 4) = (0 Ur enam $ 


m p 
S 


(b) If k oV. ndA = O, then mass is conserved. 


libet [. pV. AdA=2m aud since 


the component Of velocity normal to eech cylindrical 
and plane areg of the contol! volume js uniformly 
distributed over that area we have 


= P(Y A = YA = A + Wy, A, 


2 k^ 3 
3 
ad mM = ( 2? m üis LT] m? = O m’ tO m? 
, f* 5 > 5 = ) 
>m = O and mass is conserved. 
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5.2} Flow of a viscous fluid over a flat plate "FORE (9 

surface results in the development of a region of Section (1) U Outer edge 
reduced velocity adjacent to the wetted surface contro | of 

as depicted in Fig. P5.244. This region of reduced in Volume ue 






flow is called a boundary layer. At the leading 
edge of the plate, the velocity profile may be 
considered uniformly distributed with a value U. 








All along the outer edge of the boundary layer, " | 
the fluid velocity component parallel to the plate | —— - 
surface is also U. If the x direction velocity profile FIGURE P5.24 


at section (2) is 


1/7 
Sa 
i-o 


develop an expression for the volume flowrate 

through the edge of the boundary layer from the 

leading edge to a location downstream at x where 
. the boundary layer thickness is ð. 


From the conservation 
flow through the Confrol volume Shown a the figure 


we have 
5 mu = V. ^ dA 
Tl gi Or ee 
A, 
for th comprvessi bl e Flow 


r e NGS tf) 


where 
L = width of te plate 
and thus 
a D$ 
e g 
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5.25 Air at standard conditions enters the compressor shown in Fig. 
P5.25 at a rate of 10 ft^/s. It leaves the tank through a 1.2-in.-diame- 
ter pipe with a density of 0.0035 siugs/fi? and a uniform speed of 
700 ft/s. (a) Deterinine the rate (slugs/s) at which the mass of air in 
the tank is increasing or decreasing. (b) Determine the average time 
rate of change of air density within the tank. 





2 0.0035 slugs/ft? 


0.00238 slugs/ft? 
BFIGURE P5.25 


Use the contol volume withm the broken fines. 
(a) Fran the conservation of mass pnaciple we Qet 
Days m. -m 

Dt In ouf- 


D fA, = (2.00238 Slug ^u fio f°). 2 Slug m (1-2 in (1-2) (ay 2#) 


Dt FP T" TE ^ x 
DMsys O00436 Sleg 1 creasing 


= _£ V 
n" a. feud A Our 











Dt 5 
M 
(6) Mp = Dip “ys ?. A DP. 0.0045 49 
Dt De Di 5 
50 / / : 
Dp : 0.00 456 v 2 Ó.001 54 ud =- 2.28X/0 ” shag 
Dt V 20 tt* A. 
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5.26 Estimate the time required to fill with water a cone- 
shaped container (see Fig. P5.26) 5 ft high and 5 ft across at the 
top if the filling rateis20 gal/min. 





BFIGURE P5.26 


Fom application of fhe Conserva han Of mass Principle /p 
the Control volume. shown (9 the igure 


we have 
f dV rf, V.ndA =O 
Jt f 2 EN 
Cs 
For incom press ible f low 
Qv _ Q ead 
2t 
or, 2 
[av -Q J di 
Ó Ü 
Thus in? 


Bom a mD hr =; ipl 5 £4) (5 ft) A728 77) 
Q 2 Q (12) (20 4% ) (231 a) 


and Min gal 
i = 1Z.2 min 
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'5.29 A hypodermic syringe (see Fig. P5.29) 
is used to apply a vaccine. If the plunger is moved 
forward at the steady rate of 20 mm/s and if vac- 
cine leaks pass the plunger at 0.1 of the volume 
flowrate out the needle opening, calculate the FIGURE PS5.29 
average velocity of the needle exit flow. The in- 
side diameters of the syringe and the needle are 
20 mm and 0.7 mm. 


deformuig contre | 


vo lume 






Using a deformng control volume and the conservation of 
mass principle C Eg. $.17) as outlined im Example 5.9, 
we obfain (see Eg. 8 of Example 5.8) 


AA, Vp i 9 * 8k = oO E 
Since p= Constant , Q, 


eu 7 OL @, 7"? Q- AV, 
we Obfam from £4.| 








AY = AM 
or . 
2 
GA SOE o een 
a l T1 d*/ ^! (0.7 mm) C1) (100mm) | 
and ^ | 
V-"ngm | 
2 S 
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5.30 The Hoover Dam (see Video V2.4) backs up the Colorado 
River and creates Lake Mead, which is approximately 115 miles long 
and has a surface area of approximately 225 square miles. If during 
flood conditions the Colorado River flows into the lake at a rate of 
45,000 cfs and the outtlow from the dam is 8000 cfs, how many feet 
per 24-hour day will the lake level rise? 


For the control volume shown? 000 


| E a | 
; - d 7 a: lake | | 
Min IT yl - 3 fe d Qin, h Lake Meat | Qul — 
: CV waler pp 
or since m-e Q contro] surface 


Vin - Vout = jr Aie h) = Make g 


3 
TAS, dh — Qui-Qa _ (45000 - &000)- — T = 5,90x/0 22 
di Alake 225 mi* (52804) H 
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min 
5.3] Storm sewer backup causes your basement to flood at Bs ns n me that 
the steady rate of | in. of depth per hour. The basement floor A Contains water 
area is 1500 ft?. What capacity (gal/min) pump would you rent —————————— ’ 
to (a) keep the water accumulated in your basement at a constant a ` / 
level until the storm sewer is blocked off, (b) reduce the water ^ l í h 
accumulation in your basement at a rate of 3 in./hr even while mE Ka 
the backup problem exists? f-- -— — - ^ =- = =| Pig 
| P4 ES AM : NA floor area = À 
b 


me — mm eie KNEE ee 


flow out = flow in 
For a  detormin control volume that contains the Waker 
over fhe basemen? floor (see Sketch above), the 


Conservation Of mass principle (C E9. 5.17) leads to 


2 fod r fP V. D W^ =O 
At Cw CS E 
or dev constan} fluid le nasi ty and area (A) 


A dh = Q T Q, + = O (1) 
dt ^ 
(0 for part a, £3. 1 leads to 
Ni ix © in 


To evaluate Qu, we use Fg! With @y, =O. Thus 


4 


- Ad . (i500 ft )( / zm) r3 ) _ we F 
dt Ar 12 tn. hr 


In 
and 


f+ 
- (125 tP) (2% gal E / 
= i — y = = /5.6 Jai 
Rout ( hr SJ G0 min J. 
Ar 


Z 
(b) For part b, E9.1 yields 
Goud = Qy =l Bh 


dt 
. 15.6 98! _(i500 FP XK 3 in: a du^ | 
Q s Min (5 X ie Hein) #43 dde 
- 62.4 fal 
Qua E fai, 
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5.32 (See Fluids in the News article “New 1.6 gpf standards,” t (s) h (in.) 

Section 5.1.2.) When a toilet is flushed, the water depth, A, in the 

tank as a function of time, f, is as given in the table. The size of the 0 5.70 

rectangular tank is 19 in. by 7.5 in. (a) Determine the volume of 0.5 5.33 

water used per flush, gpf. (b) Plot the flowrate for 0 S £ s 6s. 1.0 4.80 
2.0 3.45 
3.0 2.40 
4.0 1.50 
5.0 0.75 
6.0 0 


(a) Volume of water per flush = $.70 in. Un Aiad - 8/215." 
-i ^3 4 s 
= 9/25. (251) = 3,52 gal. 


b) Q= d lvoleme in tank) = Hl m where dn is obtained by 


numerical differentiation of the h vst data shown below. 
The resulting & vs t results are also shown below. 


-50 


-100 
Q, in.A3/s 
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5.38 A 10-mm diameter jet of water is deflected by a homoge- 
neous rectangular block (15 mm by 200 mm by 100 mm) that 
weighs 6 N as shown in Video V5.96 and Fig. P5.38. Determine the 
minimum volu me flowrate needed to tip the block. 






= 
Tra nie verses eet TERE 
EE raris DP oe 


4 it) it T 
mtt stia LEE oF PS ryt s Tar i iss bu 
BFIGURE P5.38 


km 
From the free body diagram [ 

of ihe block when if is read y | X | 
fo lip Z^,-0 or LM £s 2 | Rx ; 
Ry A = Why Where Rx IS (1) | “= DEN Ww 
the fore that the water puts f^ P7? | 
on the block. a | 0, 
Thus, NES E TA je 
kh. = Whw onl Z m) = 0,90N 40 control surface ° 


Pe, Q.050m 


For the control volume shown the X-componert of the momenivm 
equation 


(ueV-n dA =X kx 
CS 





becomes 
VeCMA --R, or V - | A 
Thus, m 
V = 0.9N i = 3,39 a 
1999 4) E(0.01m) À 
Hence, 
Q =A, y= Fo.o1m) (3.392) = 2. 44x[0. P 


JS 
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5.30 Determine the anchoring force required 
to hold in place the conical nozzle attached to the - 
end of the laboratory sink faucet shown in Fig. 
P5.39 when the water flowrate is 10 gal/min. The | 
nozzle weight is 0.2 Ib. The nozzle inlet and exit 
inside diameters are 0.6 and 0.2 in., respectively. 
-The nozzle axis is vertical and the axial distance 
between sections (1) and (2) is 1.2 in. The pres- 
sure at section (1) is 68 psi. 





Q = 10 gal/min 
FIGURE P5.33 


lhe analysis leading tp the Solution of this problem is 
Similav to the one outlned in Example 5./0. Included 
in the control volume are the nozzle and fhe water in 
the nozzle at an mstant. Application of the vertical or 
Z-dwection componen? of the linear, momen tum egua hon 


(Eg. S.22) to the flow through this Control volume leads +o 
; = pw, A, - pwrA, + W, + RA *W -RPA, (1) 
which is Eg. 4 of Example 5.10. 


The conservation Of mass equation yields 
m = jew A b ON P M A, 
thus Eg. | becomes 


i (2) 
E = m (w -w )+ W, + RA, +W -p aA, 


The different terms In * Z are an below. 
(pd ete tony 


aor 0.0432 7^9 
min (7.49 MA ioe $ 








w = Q- =, at (AE) "V" _ 4 fi 
A, T ir (0.6in.) (7-48 gal coz) s 
4 £p Min 
al A. 
wW. = a Q = (^ 5. )(* £) = /02 f 
> M 95. — wq (024) (7 p get (eo e) 5 
I 4 FP 
ar D O-b in.) .2 | 
RA, = p TB - Gat e _ 192 Ib 


eet 
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(Con't ) 
W = e Y, - (09 3 oh. atus): 


- (i ye Er s. iz Beeren sane gah 


FP 


: | 
W, = 0.0059} lb 


2 
2 4 
= qv Dz e O Ib qr (0.2. in.) = O lb 
pA, Fy. u E: ( 1 ) d 


Thus wilh &g. & 


F = (e 0432 S49 Ns $ ft _ J02 tf 0.216 + 14.216 + 0.0054 Ib - 0% 
Slug 2 


O- 


F = 15.51 
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5.40 Water flows through a horizontal, 180° pipe bend as is il- 
lustrated in Fig. P5. fo. The flow cross section area is constant at 
a value of 9000 mm?, The flow velocity every where in the bend is 
15 m/s. The pressures at the entrance and exit of the bend are 210 
and 165 kPa, respectively. Calculate the horizonta) (x and y) com- 
ponents of the anchoring force needed to hold the bend in place. 





FIGURE P5.0 
This analysis is similar fo the one of Example S.N. 


A tied, NOH - deforming control volume that Contains Bie wake 
within the elbdd between Sechant (7 Jand(2) at an insfank is used. The 
horizontal forces acting on the contents of the Control volume in 
the X and y Oitections are Shown Applicaton of the X-diréction 
component of the lmear momentun ER allom (&.5.22) eads to 


x2 


Application of the y-airechon component of Fhe linear momentum 
Chuahon yields 


a i 


Bic dL hs uw C V.H EE RAK eA, 


or 


R -pAv(v*v)«p LA, * pA, 











Thus 
K = 999 s mm") /5 m (em co N . 
f m? Z17000 ( Nes T Ág, m : 
s+ 
(65 RPA )( 9000 mm*) 
/000 mm 
d eye FN 
"YT 
& = 7420 N 
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5.4 


5.41 Water enters the horizontal, circular cross-sectional, sudden 
contraction nozzle sketched in Fig. P5.41 at section (1) with a uni- 
formly distributed velocity of 25 ft/s and a pressure of 75 psi. The 
water exits from the nozzle into the atmosphere at section (2) where 
the uniformly distributed velocity is 100 ft/s. Determine the axial 
component of the anchoring force required to hold the contraction 
in place. 










Ei lei «i 
* 
A d MUAR 
ret 
36 ui In £M 


$ S234 
L aS 1 LN 
jV H ib Lini 
dat RUE rae pees ttt 
1 i wi 2 t in 






p duisi 
e x T : ka i STRA 
i = 


FIGURE P5.41 


For this prblem we Include im the contr! volume 


the hoz3le as well as the water at an instant between sections 
(1) and(2as indicated (n the sketch above. The horizontal 


forces acting on the contents of the control volume are shown 
in the sketch. Note that the. atmospheric fovees cancel out 
and ave not shown. Application of the horizontal or X- 
divection component of the linear momentum equation (£g. $.22) 
to the fow through this Control volume yields 


~U,puA, t uu puff, BRA, -E - RA, (1) 
From th conserva hen of mass eg abo ( £3. 5.72) we obtain 

m * 4,4, = 4, Ar 
Thus £4. 0) may be expessed as 


in (úz 4,) 2 pA, -Ẹ -bA 
or’ 2 ? 





= s 2 
E = PA, -PB^ + P (n-u)sR L^ -R tpa um 
"dis vod. 0 b - (mz ses £) ege C /00 5 - 
oY 
P = 352 lb 


S 3] 


5. 42. i 
| uM | of each is atmospheric, and the flow is incompressible. The 
contents of each device is not known. When released, which 


5.42 The four devices shown in Fig. P5 Test on friction: devices will move to the right and which to the left? Explain. 
less wheels, are restricted to move in the x direction only anc 


are initially held stationary. The pressure at the inlets and outlets (i) 







we apply He horizontal b) 
Component of the linear 


momentum egua fion to the 
contents of the control volume 
(broken lines ) and determine the (1) 
Sense of the anchonng for jh K i 
If " is m the direction 
Shown n the sketches motion 


will be to the left. tf j^ f 
/n & direction opposite fo that Shown, fhe mohon is yj» [he 


right. IF ers e there. is no horizontal 0720» . 


G FIGURE P5.42 


for sketch (a) 
-V EVA, P V e 4, 2 F 
Since E is to the left, mohon ss fo the right. 


Fo. sketeh lb) 
-V,PYA, + KeK 4 =F 
and froma conservation of mass 

(V, 8, * ev, 4 
and Simce Y, 
Fo skeld, (c) (note: flow is nf CV 


“YeVA, = "a 
and fy is fre left se motron is to the rig At. 


then F, is Jo the left anol mohon isto eripht 
at (1) 


For sketch (d) 
-KPKA + wn MA, =F, 
and frc Conservation of mass 
V, 4, E P A, 


Qnd V, — v, 


| SO 7 is to the right and mo fide 1S Yo The Jett. 
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5.43 Exhaust (assumed to have the properties of standard air) 
leaves the 4-ft-diameter chimney shown in Video V5.4 and 
Fig. P5.43 with a speed of 6 ft/s. Because of the wind, after a few 
diameters downstream the exhaust flows in a horizontal direction 
with the speed of the wind, 15 ft/s. Determine the horizontal com- 


ponent of the force that the blowing wind puts on the exhaust 
gases, 





ms FIGURE P5.43 


For the control volume indicated the x-camponent of the 


momentum equation 


(upV-AdA 7 Ze becomes 


Va oV A = R, where Rx isthe nef horizontal force 
{hat the Wind puts On the exhaust Gases. 


Thos D 
Ry = m, Ve Where m= 0/nVa= PAM (ee. m= mM, ) 


or M, = (0.00238 s) Z (wn) Jr e) = 0,179 slug: 
Hence, a 
fi 0.179 5 (15 £z 2,69 sa - 244 lb 
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3. t 





5.44 Air flows steadily between two cross section in a long, straight 
section of 12-in.-inside diameterpipe. The static temperature and pres- 
sure at each section are indicated in Fig P5.44. If the average air 


v 
Section (1) Section (2) 


velocity at section (2) is 320 m/s, determine the avera ge air velocity at pj = 690 kPa (abs) P2 = 127 kPa (abs) 
Tə = 252 K 


section (1). Determine the frictional force exerted by the pipe wall on T, = 300 K 


the air flowing between sections (1) and (2). Assume uniform velocity 
disuibutions at each section. B FIGURE P5.44 


This analysis 1S Similar To the one Of Example 5.2. 
For steady flow between sections (1) and (2) 


3 
| 
3 


Or | u 
p^, V, = AA, v, 
Thus 
ag" J 


Assuming that under the conditions of this problem, air 
behaves as an ideal gas we use the ideal gas 
eguation of state (( Eg. 1.8) 75 get 


fr. BE k 
/ PE 
Combining Egs. / and 2 and observing that A, = Å, 
we gef E 
V = E Zla [127 kA (ats ] Gook) (320 2) 
£ L i [670 hPafbs J(2s52*) s 
V = '"0/ m 


( cont ) 
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5.44 | (con't) 


The analysis for this problem is similar to the one of Example S12 
for the contol volume shown in the sketch above applicanon of 
the axial Component of the (meer momentum Eg uation leads to 

7 V pv - (A VUA S m e» pA 
From the HIMEN hon of mass principle 


m - AA, = PAV. 


Also the — equation f Stale i 
p= be 


eS iS ee 


i « BA, Y (7-7, 1) + ACR -p) [ATI (P-P) A) 


Ke pr 

pog tr U2mn-) iain ( (ozr f AM 32021 7000 N hd 

MES. 28651- ua dL ha Ay 
fo. K 


R = 30900 N usd edie y] 
+40 hfe - I2 AA) al 
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5.45 Determine the magnitude and direction of the anchoring 
force needed to hold the horizontal elbow and nozzle combination 
shown in Fig. P5.45 in place. Atmospheric pressure is 100 kPa. The 


gage pressure at section (1) is 100 kPa. At section (2), the water ex- 
its to the atmosphere. 





pı = 100 kPa 


HFIGURE PS.45 
The control volume shown in the sketch above js used . Application 


of the y divecton component of the linear momentum equation 
yields 
K y 7 o 


A pplication of the x direction hineary momentum €qua on lead. 
to 


-U Pu, A, E u, pu, A, = HA, - K + PA 
From the conservation of mass equation 


m = p^, 2 f “a A. 
Thus 


R, = P4A, (4th) 4 BATRA, = = pu Pyt de)eri PIR toM, 
E s m (300 me 
Ri (n 8) ty i65 gp E F) 


+ (100 "fa. ) Tr (300 mm k 1000 N/ A) 
| 4 m m kf, 
and (1000 1. m mj 


or 


R = 6340 N 
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| 56 | x 5 

i = V=15m/s 
5 2 
=U. 


5.46 Water flows as two free jets from the tee attached to the pipe AM RAL 
shown in Fig. P5.46. The exit speed is 15 m/s. If viscous effects 
and gravity are negligible, determine the x and y components of the > 

‘force that the pipe exerts on the tee. - mew aue Med Os w^ 


Pipe ^ "Tee. 
BFIGURE P5.46 


Use the Control volume Shown. 


Foy the xX-component of the force exerted by the pipe 
on the tee we use the x- component of the linear 
momie ntum egua hon . 

"Vel, ps Ay RA, -BA R (A~A,)+ 


CE Fae A (5 Ba Mo" n p (A-A 4,)* 


cem. HM °F F (1) 
Jage 
L ger h wE use conservation of mass 
Q, E Q- + Q3 
oy AV, =A,V, t ^V, 

fe Ve Geta a (2.3 m*)(15%) + (o.-$m"Y'ig m5) 5 m 

A, oux 
Jo estimak Prone WE Use Bernoulli s equation fo How telwen landha) 


2 
Figase 4 W = /rgase + 


E n 2 C £n m [N 
Pages à WEE NET EJ - (* I (1 pe =) 
P se - 40, e dx 
Now using 6-0) x get : 2» 
[ 2) (799 2 rn) - (5g ym e ez ys) 
(42,500 È (im) +F, 


or -72 on- F 
/ X 


SO F. mA y. 000 N <— 
For the y tompmut of fhe tore exerteel by Ie pipe on Pla tee me use Hv 
Y — IL fhe (sneer momentam equahen yo gef 7 
A, - F, 


(gj sinn) = 67 400N E 
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5.47 A converging elbow (see Fig. P5.47) 
turns water through an angle of 135° in a vertical 
plane. The flow cross section diameter is 400 mm 
at the elbow inlet, section (1), and 200 mm at the 
elbow outlet, section (2). The elbow flow passage 
volume is 0.2 m? between sections (1) and (2). 
The water volume flowrate is 0.4 m?/s and the 
elbow inlet and outlet pressures are 150 kPa and 
90 kPa. The elbow mass is 12 kg. Calculate the 
horizontal (x direction) and vertical (z direction) 
anchoring forces required to hold the elbow in 
place. 


x 





A conlrol volume thaf contains the elbow and the water within the 
elbow between sections (I ) and (2) as Shown in the sketch above is 
used. Application of the horizontal or X dwechon component of the 
[mear momentum egatio yields 


o ae 6 
-u, pu, A - Vc 4$ p VÀ, - pA, — a t PA 545 
J 


From conservation of mass 


m= 74, A, zu t. = PQ (1) 
Thus 

Es = t plan" + PAtpA 04s “ee c R1 pA pat 
" / 

F = (4094 sez (imo am) essaia] (po) 

A X pee mm) "e. oa 

+ x Conte ino) (150 hPa )(400 mm)? 90 tn 
m / 


F = 25700 N 
Ax ae 


Application of the vert cal or 2 direchon Component am the ha@ar 
momen tum egue fion leads fo 
-V s/n *$ PVA, 7 pA sinis — a -W= W 


J 


which when combined with Eg.1 gives 
F - 58 Sin 5 + p A sis" — W- W, = p sies t A PE 


AZ A, TA 
(con't ) 
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(con) 


E. - (er e Gm) E E. o kPa 3 200mm) sins” 
i nt Goan 4 (1000 mm)* 
7 7000 eur 2 éz 


-(m & fin 2) ) (02m wa 2 — 


F — $940 N 
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5.48 The hydraulic dredge shown in Fig. PS.48 is used to dredge 
sand from a tiver bottom. Estimate the thrust needed from the pro- 
peller to hold the boat stationary. Assume the specific gravity of the 
sand/water mixture is SG = 1.2. 





a gf 
Ae eua, Vx AS 
Ure ee gt S 
a ` E 2" 9. « ! 5 5 

VIT - e KE Lir ) TY à 

o m À S id 


É 4 e " E i i $ Yetisro wi LA 
trt i Cau UU 


BFIGURE P5.48 





+ 






Using Yr control volume shon by The biken Ime m 
the sketel, above we use the horizontal or x Comporent 
of the (mar momentum: eguaton fe get 

Arp Lum 6,059), Teds YY cat 30° 
Where secho / is where How enters jhe tmio/ volume 
verh ca lly and sechm 2 is where flow leaves Ke control 
vokme at an angle of 30° fem te horzenfal direction 


Note that Mere is no horigmtal diveectim /near 
momentum Flav at Sectio ,. 


OF) Got / y, fe 
E. (94 A T (30 it 70 P tna e 
g 


f= 6650 Ib 


£- o 
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5.49 A static thrust stand is to be designed 
for testing a specific jet engine. Knowing the fol- 
lowing conditions for a typical test, 


[nml volume 


mtake air velocity = 700 ft/s 


exhaust gas velocity = 1640 ft/s 
intake cross section area = 10 ft? 
intake static pressure = 11.4 psia 


intake static temperature — 480 ^R 
exhaust gas pressure = Q0 psi 





estimate a nominal thrust to design for. 
The analysis for this problem is similar fo the one of Example 5.1. 
A control volume that contains the entire engine and the 
fluid in the engine as indicated in the sketch is used. 
Application of the hori zontal or X direction component of 
the /Imear momentum equation leads jo 
-Upu, A e upuA, — pu wt 


A, x 


or 
A x 
7he  aservation of mass l iin yields 


(Qu, A, 5 2 4, 4 


2 


Thus 
“ax E g^ ( 4, ) 
or since 
d 
fx E 
ther 
F = We u, A, (u, -%,) RA, 
AX RT, /b 
/b Ff Ft’ \// tt _ oot) L$ in, C= 
E os TE 4E (700 ft PA ài yere pre) slug. Pt 
a 1716 ft-lb- k (480°R ) " 
Slug. R 
a (u te l ~ 147 yn ie: io) 
and 
F = 1/7 700 h 
AH, X z= 


\ 


s-H 
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5.50 A horizontal circular cross section jet of I 
ar having a diameter of 6 in. strikes a conical control volume —3,7 f z sechon (2) 
deflector as shown in Fig. P5.50. A horizontal 4 

anchoring force of 5 lb is required to hold the 
cone in place. Estimate the nozzle flow rate in 
ft/s. The magnitude of the velocity of the air 
remains constant. 





FIGURE P5.50 


The control volume shown in the sketeh is used. Applicaton 
of the axial or X-divection Component of the linear 
momentum eguation yields 


= pee, + d, pu, A, SIUE 


With the conservahon of mass principle we can conclude 
for this m compressible flew that 


uA, = U, A, = Q 


Also 
U, = y cos 60° 
anda 
UY =v = & 
Thus a 
-VeQ * Vcsto pQ- TI D eos 60" p 
ny 
Or 


" [5 ]- prr 


Cos 66°) 
Thus s i Mt ) (7) (6 ny 
[e 


eB cos 60°) 4) (144 tn. ag 7 C12 
slug 


~ JS 
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5.54 
section(2) 


5.5.1 A vertical, circular cross-sectional jetof air strikes a con- 
ical deflector as indicated in Fig. P5.5/. A vertical anchoring 
force of 0.1 N is required to hold the deflector in place. Deter- 
mine the mass (kg) of the deflector. The magnitude of velocity 
of the air remains constant. x. com vol 





D R section (1 ) 


V = 30 mis 
FIGURE P5.5! 


Jo determine. the mass of the conical detlector we use the 
Stationary , non- dttorraing Centro! volume shown in the sketch 
Above. Application of The vertical direchon Component of 
the linear momentum eglation CEG. 5.22) 7» The content of 


this tontro! volupae. weld, 


^, "T 
7 (-V, v ¥ cos 30°) a E 
or 
= = . D E g el 
Lax 5 9 m (V, - V, cos 32") A 2 PAV (y-4 00530, F 
However 
Lu 
and 
A, = TO, 
7 
Thus E3.1 can be exyvessec as 
= o 
m = HO, d Eck) X 
cone Zg 


Or 
- pori A, v Gsm) (30 E)/ ss. udi Qsp'- 9^" — 
cone 777 


(* (3.81 2) 


and 








NA 


5.52 Water flows from a large tank into a dish as shown in 
Fig P$.5 (a)Ifatthe instant shown the tank and the water in 
it weigh W, lb, what is the tension, T, in the cable supporting 
the tank? (b) If at the instant shown the dish and the water in 
it weigh W, lb, what is the force, F5, needed to support the dish? 


Fo pant (a) We. ag ply the verpcal 
component of the linear 
momentum eg uahon Jo the tmtentr 


Of totol volume A, CY, , w get 
= ty V ey E Lp (1) 


/ 
Out e J H FIGURE Ps5.52 





Jo get walue of P». we apply 
Bernoulli ’s esuaton to Iha flay from fhi free surha of She 
Water in [he tank to the tank out? Jo ger 


Vau 7 29^, = /(2)(32.2 ftro f) 

Then frm EF. (1, we get T =i 
Sla ft) T / 37 

-(E5.* £e ar yos d z£) -7-w, 
slus. fI 
16. 5> 
T, =W -93.8 l 
for part (b) Wwe apply c ul, f vertical component of fhe [mea mome num 
eguahm to the tmknts of CY, to get 


ft 
ZS. 7 T 


/ 


gnel 


— (2) 
Vindo ™ ne - m -= Ww 
CU, Cig 
To get 2 we use Bernouùllj * eg uation between pee surfate of 


weley 1n p 4o tree Surface at pak ohh ve gel 


ee = 29 (My thg) = 2(z2.2 # (10 fi+r/z#) = 376 f! 
VA 


^ 9 = mw = 
Kor Si we Use ban E Sev Von of MASS à nee ie aut of fan m. 


CV, cv Sank. 


So Sova Eg (2) we get 


(37.6 gym es Vt) a (est (1B a) = 
and F, = Wt 14.710 
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5.53 Two water jets of equal size and speed strike each other as 
shown in Fig. P5.53. Determine the speed, V, and direction, 6, 
of the resulting combined jet. Gravity is negligible. 





B FIGURE P5.53 


For the contol volume shown in the sketch above the leat 
momentum equation for the x and y directions dre for 
the x direchon 


-V2 0V, À, c (Vo$682eVÀ = oO (1) 
dili tee y direchon 
-VgV A, + C sina) pVA = O (2) 


Also -for conservation of mass we have 
eV, A, + PV, Ar -QVA = 


(3) 
From Eas. land 2 we aet 


3- 
Va Ae = LR. - @T 6 
VA, we ; 
30 A ies (Of 
& - cot Vata = Cot [es v)T W 2. es 
VPA, NY 
(10 ) T (4%) 


Now combining Eqs. 2 and $ we qet 
-VFA, + Vane (V,A,+V,A,) = 


ETE Dm 

sind (V, Mn 

(10 tt) ar (out) 

(sin 45° » [as tt ) e v (of) +(10 e) Lv » 
and 


<= 
(1 
3 
o 
e 
ero 


$. Stt 






Section (3) Section (2) 
5.54 Assuming frictionless, incompressible. one-dimensional Q, _ 
flow of water through the horizontal tee connection sketched in 10 m3 7 
Fig. P5.54, estimate values of the x and y components of the 


force exerted by the tee on the water. Each pipe has an inside 
diameter of 1 m. 


p, = 200 kPa 
FIGURE P5. 54 


We can use the x and y components of the Imear momentum 


Eguation ( Eg. 5.22) to determine the x and Y com ponents of 
The veaction force exerted by the water on the tee. For 


+he control volume contaming water sh the ree, Eg. 5.22 leads 


fo 2 

K "2A * V pA, - ED. e Vg, " 
and 2 " 

K, dido C5 0s + Vg 9. —V, @, (2) 


The Yyeachon forces in Egs. lamda 2 ave actvally exerted by the tee 
on the water in the contol volume. The reachon of fhe water on 
the tee js egual th magnitude but opposite th dwectian | 
Conservation of mass (Eg. 5.4 ) leads to 


Q, = @,-@, = Q, - VTO? e o. (om) rm) = 5:258 m” 
2 3 l 3 y 5 5/4 s 








Also i a 
Q, = YTO z(6m)T ^) = 4.7/2 mi? 
y 4 s 
Further z x 
205 5 
ye Be EE). ona 
a 7 b. 2 5 
v T (Im) 
and . 
- & poe 
(EY e LÈ) annm 
Eä T (im) i 
“sf 
(con’t ) 
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5. SY. 


con't ) 


because the How is in compressible and frictionless we assume +hat 
Bernoullis equation (Egz. 5:74) is valid thrrvghon? The contr! volume . Thus 


pe pr Fig) o mh Hg "oies zs x) 


F z/27 kf 


x 
t dE) rm du. Ia home) (op m» * 


OY 
p = 195.3 RFa 
With Min: 


- (200,000 B) Z Gm) ; (4 2 fn k 4 oe mm BSAN 


and g x- divtction Component of doru exerted by the. — on The 
tee /5 _/85 RN. 


With &g.2 
Ry = (195,300 ae Om) — (137,000 SH T (Im) + (6.733 ze t ¢ hq) 52 


É + (6.733 e (999 M yes Fw J 


= -45 900N =- 45.8RN 
and ^ y- direction Component? of force exerted by the iade On 
the tee is + 45.7 RN . 


or 
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5.55 


5.55 Determine the magnitude of the horizontal component of the 
anchoring force required to hold in place the sluice gate shown in 
Fig. 5.55. Compare this result with the size of the horizontal com- 
ponent of the anchoring force required to hold in place the sluice 
gate when it is closed and the depth of water upstream is 10 ft. 





BFIGQURE PS.55 


"his analysis is similar to the one of Example 5.15, The 
contro! volumes of Fig. E 5/5 are appropriate tor use 
in solving this problem. When thé sluice gate is closed 
(see Figs. E5-ISa and E 5./5C ) application of the x 


dire chon component of the /inear momen turn eguation 
leads fo i 

Ren pi- geag) C en ~ pe & 
When the sluice gate is open (see Figs. E 5.156 and E545d) 
application of the x direchon component of the /mnear 
mne AT Um eguation leads to 


K trh- Lyh- ^ + ou, H - eu h 





The exit velocity u, may be expressed in terms of fhe inlet 
velocity u, with the Conservation df mass eguation as follas 


us e = 
Thus 
19H -Lyh F g uH u` H 
Kt 2 uS € rm EE 5 
ÁSsuymin 19 F> 1S negli gtoly small, we obtain 


2 1 (62.4 te ott) 54) 
R= d (e2* & to t) de ose) 
2 2 s 
94 Slugs Yy ft Go EYI oy slu /0fi f le 
+ (194 E 6 p" K 4 ) (Pm zn p Tes ) 


es (4552) Slug. 
g> 


Se 


ga 


- /240 f 
f = ft 


Thus it fakes considerably less fwa To bold in place the 
Sluice gate when it is opened as compared Yo when i£ is lad. 
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2.56 


5.56 The rocket shown in Fig. P5.56. is held stationary by the hor- 

izontal force, F,, and the vertical force, F, The velocity and pres- F 
sure of the exhaust gas are 5000 ft/s and 20 psia at the nozzle exit, 
which has a cross section afea of 60 in.*, The exhaust mass flowrate 
is constant at 21 lbm/s Determine the value of the restraining force 
F,. Assume the exhaust flow is essentially horizontal. 


 BFIGURE PSs.s6. 





The control volume contains the rocket and the fluid within the 


rocket as mdjcated in the sketch. Application of the 


x 


direction component of the linear momentum equation yields 


o secause the rocket is xfafmnarg 


= u odt + VeVA, = R RA 
Cy 


Or | 
Ae BA MAYA 
But 
m= RAY, 
Thu; 
B = PA, + Vm 


115/21 IL 
- [20 l -147 lb Je in?) + (5000 £) bn) 
^ f in® a P s ( s [32 


= 3580 lb; 
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/ 





s 


2 ib, ft 
lo, g? 





S D 


5.57 A horizontal circular jet of air strikes a stationary flat plate as 
indicated in Fig. 5.57. The jet velocity is 40 m/s and the jet diameter 
is 30 mm. If the air velocity magnitude remains constant as the air 
flows over the plate surface in the directions shown, determine: (a) 
the magnitude of F, the anchoring force required to hold the plate 
stationary; (b) the fraction of mass flow along the plate surface in 
each of the two directions shown; (c) the magnitude of F, the an- 
choring force required to allow the plate to move to the right at a 
constant speed of 10 m/s. 





BFIGURE P5.57 


control yolume 





The non-d efor ming contro! volume Shown im the sketch above 1§ und 

(a) To determme the magartude of ( we apply the component of the 
linear momentum eguation (Ey. 5.22) along the direction of fa. 
Thus, Sw PVindA=Z2 by, or 


^ 


tt 


e . o d _— 2 2 Š 
m V.sin 30' - oA; V. V. sim 3o! 2 pT D; V SinZo° 
4 


or DE 
E = (23 2) X (0030m) (40 P) (5in 30 ) (1 = 0696 N 
A m? (4) kg. = 


S > 
(b) To determine the traction of mass flw along the plate Surface in 
Cath OF the 2 direchens shown in the sketth above, we apply the 


component of the /meavr momentum equation parallel fto he surface 
of the plak, [UVA dA =E Fx, to obtain 


D mer. : A) 
along plake = 2 5g ~ m; V; cos 30 
Surface 

(conl) 
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(con't) 


Since The air velocity magnitude remains constant, the value of Ky idi 
IS sero Thus from Eg./ we obtain 


SUVIECL 

m,V - mV, - nhi V; cos 30^ (2) 
Since 6 -wzV,£&$2 becomes 

J e e. o 

m, = m- ia Cos 30 (>) 
From conservation of mass we conclude that 

m, = m, t m (7) 
Combining Egs. 3 amA Y we gef 

: j . I a 

mj a nj m o COs Jb 
Or A I 

m e m (!-c3557) =- m.(0.0670) 

j ie J 
Qnd 


^ - m./fi-042).2 Mm. (0.933 
m= mM, (1- 0.067). 4, (9-933) 


lws m, involves 93-37), 4 m, and m, involves 6.72 of m.. 
x eS anil ——————— —' J 





(C) To determine the magnitude of E, reguired ro alliw te plate 
tp move w» ihe right at A cémstant speta af 10 z, we use 
QA Non- deforming Control volume dike the one in The Sketch 
above that moves to he right wih a speed of 10 ia 
he translating conte! volume linear momenfum eiu 
(€4.5:29) /eads ro 


d" 4 
c= fw Do; (G- HP) 2030" 
£ y 
or . . 
23 22) 3% (0.030m) ("a m _ jo m We 20 Y] "IL 
P z (7.23 ma) (' s pry) 
259 
and 
i = 0O 3Y N 








—— —— 
[D ————————S:r o eV|opaOUBaUnLD nul] 


* Since V =V =V and ph 6 and, Z,2 Zz7Zs if follows that the 
Bernoulli equation is Valid from 1-2 and I-23, 


Thus, there are no Viscous effects Benno! equation b Valid only tor 
inviscid tlow) SO that de Hence, P abs olate = 
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5.58 





5.50 Water is sprayed radially outward over 180? as indicated 
in Fig. P5.5 B. The jet sheet is in the horizontal plane. If the jet Sechon(1) 
velocity at the nozzle exit is 20 ft/s, determine the direction and — corro] valume 
magnitude of the resultant horizontal anchoring force required 
to hold the nozzle in place. 


x 
FIGURE P5.59 


The control volume includes the no33le and wakr between sechons 
(1) and {Z) «s indicated m the sketch above. Application of the 


y diechon component Of the linear momentum equa hon y es 
v V. dA = — 7 
t P K, 


Or efe V ces e)(4) A R do = ARV. Git sind) 


and 


p e 
A — 


/) 
Application of the X dmecfon component of Fhe linear momentum 
eguation leads 7o 

J oL P V. ndA = ^, X 
or 


r 2 
F ^J (rs 8)(v,) hKde - PARV ( cos 0 - cos Tr) 
A xX 


/ 


an F s (.94 MET (0.5 i in. ) (8 in.) (20 E rof of) 
Ax TH Z 2) G in. 2) ^w. 


a 
x 
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5.59 A sheetof water of uniform thickness (h — 0.01 m) flows 
from the device shown in Fig. P5.59. The water enters vertically 
through the inlet pipe and exits horizontally with a speed that 
varies linearly from 0 to 10 m/s along the 0.2-m length of the 
slit. Determine the y component of anchoring force necessary to 


hold 


this device stationary. 





A control volume that antains the box portion of the device 
and the water in tna lex as shown in the sketth above is used. 
Application of the y-direction Component of the liear momentum 


Aguation yields T 





Lo | ur eV. R dA x e| V^ hdx 
sit b 
The variation of wv with x is linear ov 
~ m 
Af SOx E 
Thus OL . - a "T1 
Fay 7 P | (Sox Š hdx = 0 (50) hz 
P 0 
Ov 
hà Veo 1 Yon lmi Ns 
" 0,2 N.S 
^ «(o <y $ Xoom) =} ( c 
m? 3 “ka , 
and 
F =z 66,6 N 


AY —— 
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5,60 


5.60 A variable mesh screen produces a lin- 
ear and axisymmetric velocity profile as indicated 
in Fig. P5.60 in the air flow through a 2-ft- 
diameter circular cross section duct. Fhe static 
pressures upstream and downstream of the screen 
are 0.2 and 0.15 psi and are uniformly distributed 
over the flow cross section area. Neglecting the 
force exerted by the duct wall on the flowing air, 
calculate the screen drag force. 






Section (1) Section (2) 


contr | Volum a Variable mesh screen 


My 70.2 psi Po = 0.15 psi 
V,; - 100 I/s 


FIGURE P5.60 


Application af the axial component of the linear momentum 
equa hon to the Flow thr ough the contrel volume shown in the 


sketch leads to R 


-V e V A, a | 4 eu, errr = PA - cK. = RA 
O 


Or 


R 
v^ L Z p" à 
R = p "A = 24 CF rdr+p TP,- TD. 
e I E P max i 4 n (1) 


2 


4 


0 á 
the value of Ung, may be obtained from conservation of mass 


as Follows 
(ov 2a fim 
Thus 2x 
A os 
af a r? 
Ô 
From 


jzaedr 


1i 


=. V = 3 (100 tt) - 150 f 
2 Z ^ S 





R = iet dg Jie frat) fig) m^ 7) 


+ [0:2 1b Yr (ff, (251); 144 in: 


nr 4 


R = 13.316 


gn: IS tb Cet (in 


5.6! Water flows vertically upward in a cit 
cular cross section pipe as shown in Fig. P5.6u. 
At section (1), the velocity profile over the cross 
section area is uniform. At section (2), the ve- 
locity profile is 


R — p\"". 
T= «| R ) E Section (2) 


where V = local velocity vector, w, = centerline 
velocity in the axial direction, R = pipe radius, 
andr = radius from pipe axis. Developan expres- 
sion for the fluid pressure drop that occurs be- 
tween sections (1) and (2). 








Section (1) 


FIGURE PS5. 6! 
The analysis for this problem is similar to the one of Example 5.13. 
The control volume contains the fluid only between sections ( /)and(2) 


as indicated in the sketch. Application of the vertical or x 


component of the /inear momentum equator leads To 
R 


-w, pw A, + [ups are = pA-K +pA -W 
Thus 


2 & w 


P-R = & pu? * of f Ls þar a +W, (1) 


The weight of the water in the p volume may be - as 
The value of w e May be obtamed from the conservation of MASS 
equation as follows L 


pu, - few ( &) 2rrar 











or 
7 = W, Pi (2) 
re (c erra ; 
Jo evaluafe the. intéwal [& P) re we substitute 
- K-r 
7 (3) 
then 
= -dr 
ae TR (4) 


(Con't) 
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(con't) 


and R l e. d 1 2 
PATE 7 doc = TIR 
|, Cx) pcs -fx (ete 120 (5) 
Combining Egs. d e S$ we obtain 
-. 69 
c ^ $49 % 


Thus from Eg. / 


R z 

", e &o)w/ f (R=) h (6) 

p-p = z -ph + oe (&— r^r *ge 
TR* K ) Ò 





| R 2 
To evaluate the integral J (£5) rar we use Egs. Jand? 
Q 


Thus e g 0 » : "m 
Rr) = -| x” (1x) dx - E. 
JE )^ r j ) 144 


and £4. 6 becomes 


Me vu (1.02) 0 aah 
m - = i + : Í d 


P- p = fe 4 0.024, t goh 
J7R* 


Note that n contras] to the result of Example 5.13, Only 


a very small portion of fhe pressure drop is due vo 
Q change in the momentum flow between sections / 








and 2m this Case. 
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5.62 Ina laminar pipe flow that is fully de- 
veloped, the axial velocity profile is parabolic, 


average velocity, u, with the axial direction mo- 
mentum flowrate calculated with the nonuniform 
velocity distribution taken into account. 


that is, 
r 2 
«= u [a = (5) | 
as is illustrated in Fig. PS. . Compare the axial p 
direction momentum flowrate calculated with the | 
FIGURE P5. 62. 


The axial direchon momentum ftlwrate based a a uniform velocity 
profile with u=& Is 
ME = u P uA = 


x uniform 


paar 


The axial direction momentum thwrate based on the non- 
velocity profile is 


Tx non ne" fu, arè f MALA 


uniform para NE, 





UnTOr "y 
1 2 
MF E j^ uc TR 
X non - 
uniform 5 


To obtain a relationship between U amd Ug we use the 
conservation of mass disi as. follows 


pu T£ = p ZTR u eS- (De) 
Thus 
m = "6 
Z 
And Z 3 y 
‘nine ~ ; p— T MTS 
| Uni 





5.64 





5.64 A Pelton wheel vane directs a horizontal, circular 45e 
cross-sectional jet of water symmetrically as indicated in Fig. 
P5.64 and Video V5.6. The jet leaves the nozzle with a veloc- 
ity of 100 ft/s. Determine the x direction component of an- 
choring force required to (a) hold the vane stationary, (b) con- 
fine the speed of the vane to a value of 10 ft/s to the right. 
The fluid speed magnitude remains constant along the vane D- 
surface. = 


(a) (5) 
FIGURE P5.64 


(alo determine the x-dhiechon component of anchoring force reguired To 
hold the vane sfatvonary we ase fhe stationary Contyo/! volume 
Shown above and the x- direchon component of The lineo momentum 


Cguarion (ég.5-22). Thus, 








F = m(Vt V tos vs) zeA,v, (t ane) - o2 0 e t sue) 
or 
z= (644 says)» (rim) (100) [ 1? § Ow SE F) 
" E (V) iz ay 
and 
E = /8/ & 


(b) 7o deferm,;ne the X- divech'on component of anchoring Force vegur e 
to contine the vane to a constant’ speed of 10 g fo the right we 
use a control volume moving to the vignt with a speed of /0 E 
and the x- Awechon component of the linear htomentim Cguation 


tyr A translating cov volame ( €g. 5-29). Thus, 
E é 72* o ) 
paw (Wr Mews tee p TA w (Ww, ta (! 


We note thak 
= ft YT =x 
Ww = V - o £t = (00 tt lor. 20 


Wp 


Thus, Eg./ leads To 


i» fr) | 70 & + Go f*)eosvs 
£ = (iv stage) T C02 — J (40 e Go £ ft jes Vs 7#) 


F+? 4 (^4 2) 


A 
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5.65 How much power is transferred to the moving vane of 
Problem 5.65? 


Fewer = FV , where from Problem 5.66 Ia - I4 





Thos, 
(ide tb) ££) 
Power = k 2.65 hp 
(ee £4. 1b —— 
S.hp 


(1) 


C. 66 


5.66 The thrust developed to propel the jet ski shown in Video 
V9.11 and Fig. P5.66 is a result of water pumped through the vehi- 
cle and exiting as a high-speed water jet. For the conditions shown 
in the figure, what flowrate is needed to produce a 300-Ilb thrust? Cin LS E 
Assume the inlet and outlet jets of water are free jets. EO ! n Y. 








3.5-in.-diameter 
outlet jet 


For the control volume indicated 
the x- component of the momentum 
egvation R, = 30016 


(up M dA ZR becomes y 
CS 


T y 
S control au 
(V Cos 30 )g(- V, )A, 4 V p GV.) 4; = His surface 


where we have assumed that p=0 on the entire control svrtace 
and that the exiting water jet is horizontal. 


With m =pAV, =pAzV E(D becomes 
Ry - m(V, -V cos8) - el, A, (V. - V cos 30°) 


(1) 
Alo, AW =A, V, so Mal 
AN, 25in.* V 
eae = 2.60 V (2) 
e Az Z (3.5in.)* Í | 


By combi ning Eos, (I) and (2): 

fx r eV ^A, (2, 60 - ces 30") 

Or I | 
Thus, 

Q-AW- Cz 6 )(227 8) - 3,24 f. 
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5.67 


5.67 (See Fluids in the News article titled “Where the plume 
goes,” Section 5.2.2.) Air flows into the jet engine shown in Fig. 
P5.67 ata rate of 9 slugs/s and a speed of 300 ft/s. Upon landing, 
the engine exhaust exits through the reverse thrust mechanism 
with a speed of 900 ft/s in the direction indicated. Determine the 
reverse thrust applied by the engine to the airplane. Assume 
the inlet and exit pressures are atmospheric and that the mass 
flowrate of fuel is negligible compared to the air flowrate through 
the engine. 








V 
(3) 
The momen tum ewation (x -component ) Vi | 3 
(ugV-À dA 7 Z R, foriho control volume Dk 
CS i 
Shown can be written Qs 
a) 36 
Ve V)A, +CV cos3) o Va Az hfc? Xe 
*(-M cos30) o V, A, 7 7 ^ 
or 
E -(eV 4) V * (QV. A, ) V, coc30' 1 (oV A5) V, cos 37" (1) 


But from conservation of Mass 

OVA =P% M 1 ol A, =m = Islugs /s 

Also, V,* Vs so that Eq. (i) becomes 

ky = m (V 1 V, cas30') 24 S95 ( 309 Ht + 900 cos 30° £ \ 


Note direction of F, on engine and engine on airplane. 


^N > 
a 000 g— 


on engine on girplane 


5,68 


5.68 (See Fluids in the News article titled “Motorized surf- 
board," Section 5.2.2.) The thrust to propel the powered surfboard 
shown in Fig. P5.68 is a result of water pumped through the board 
that exits as a high-speed 2.75-in.-diameter jet. Determine the 
flowrate and the velocity of the exiting jet if the thrust is to be 
300 Ib. Neglect the momentum of the water entering the pump. 





BFIGURE P5. 


The x-componen! of the momentum V, cay oy 
equarren, fup dA * Ah for pf. "n V, X 


the control din shown ts 


(Vase) p 2A, Cp LA, e - R 
Or 


F = PVA -PVA cos = OVA, ifthe momentum of the entering 
water ıs Neglected- 

Thus, 

300 Ib =(1,9% Sub, *(E (2-25 o) 

or 

V= 6422 

Gnd 2. 3 

Q=A, V = E (ZZS H) (612 f) = 2.52 f 
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5.69 (See Fluids in the News article titled “Bow thrusters,” Sec- 
tion 5.2.2) The bow thruster on the boat shown in Fig. P5.69 is used 
to turn the boat. The thruster produces a 1-m-diameter jet of water 
with a velocity of 10 m/s. Determine the force produced by the 
thruster. Assume that the inlet and outlet pressures are zero and that 
the momentum of the water entering the thruster is negligible. 





BFIGURE P5.69 


The y-component of the momentum equation 
fere VA ad - z Fy, for the control volume 
“Shown 1S, 


far eV-A dA t Vp Vs As = Fy 


(1) 
If the momentum of the entering water is negligible The equation becomes 


F = EV A, = 999-46 (10%)*(Z (Im?) = 78500 KLR = 78,5 kN 
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5.70 A snowplow mounted on a truck clears a path 12 ft through 
heavy wet snow, as shown in Figure P5.70. The snow is 8 ir. deep 
and its density is 10 /bm/ft*. The truck travels at 30 mph. The snow 
is discharged from the plow at an angle of 45° from the direction of 
travel and 45° above the horizontal, as shown in Figure P5.70. Esti- 
mate the force required to push the plow. 





BH FIGURE P5.70 


Jo esfimalo TAG evo (eguired +o push the snowplow we use 


EN contro! volume showy in the Sketth above «vd! &g. 5.29. We 
lect the fichon force between the plow and the rod surfa . 
A als o neglect ay trce associaled weth the Plow deflecting gr. 


we. " tmsider how much tyre js eg 1 ntol fo turn welf/m/ 


136 *. 
ky the wet snow “flay” we get Kom Eg. 5.29 


F= m (w + w, ws 45°) 


Jince. 

m xpo vv, 
we assume W, =W, and get 

FE pAW TAIT ws 15° ) N 

30 mi eat f) 140.707) 

mM fo limy „yole 22 ( 

E = £3 12 in t 

x 

(32.174 c | 
lb + $ 
F = £220 [b 
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5.15 


5./5 Water enters a rotating lawn sprinkler 

through its base at the steady rate of 16 gal/min | Nadab ixn 

as shown in Fig. P575. The exit cross section area | e nee area = 0.04 in.? 
of each of the two nozzles is 0.04 in.? and the flow —I 

leaving each nozzle is tangential. The radius from M". 

the axis of rotation to the centerline of each noz- 


— — 
_ 
— 






zle is 8 in. (a) Determine the resisting torque À 
required to hold the sprinkler head stationary. = 
(b) Determine the resisting torque associated with N stafion ary 


the sprinkler rotating with a constant speed of Control velume 


500 rev/min. (c) Determine the angular velocity _ - 16 gal/min 
of the sprinkler if no resisting torque is applied. = Q 


FIGURE P5.75 


lhis is similar wœ Example 5.17. 

Ca) To determme the resis tng orgue veguived To hold the gprinkler 
head staflonary we use the moment -oF -momenlum forgue 
equation Cég. §.50). Thus, 


E d ü (7 
rh a 7 05 Mos = Qn M 2 
For Va, We use . 
i & (16 (is ZL MS m =) 
PA = = "Pin 
c2 ZA i Z (0. Q4 in. "Y? E 60 F_ 
Or PU 5 mes 


a f 
Vy = 647 É 


/ 


With £4./ we 2672 in 


ib 
MEE (1-44 segs )(16 LNT in )(6#.17 A =, z) 
(7. #8 241 )(60 5 ) (12 & in. 


= 2.96 f7.| 
Lay LI 
(b)To determine the resisting Torque associated wilh a sprinkler speed 


of $00 yV we use EZ. / AGAIR | feret veg. wy Ih Hapon we we 


ancl 





mr 
as" "S U, "Vy 
For YW We ase (M 
zr mM. 
g gal) fia h = 64./7 # 
U £0 ^r / yn 5 
- Ehamk- - (230 oot i) T8 ECT) 
(con't ) 


£65 


v rad 
NUT luum INMUP z 
24) (4 


Thus with Eg. ù we have 


: A Æ = 2924 Ít 
Vy, = 647 ft 39.9 0 2726 T 


and with Eg. / we obfain 


_ 0% slugs )(16 £e X$ i». (2f. 26 P eT z) 





E: 
Shaft P 
748g 94 éo 5 ?. 
a ARDOER) C 
r = 435 f-k 
Sha- D 


(To dekrmine tht angular velocity of fhe sprinkler iF no resi Shn 
applied we use the Cmbnathon of CES. / and 2 


foygue is 
70 obla 
“ew 
2 2- 
ev ft /n- 
eo = W n Br ENN Fl - 443 "ed 
5 


e |) €(s8 in.) 

lhe Yotor speed M is Thus 
MN = (04.3 rad (bo) = 720 rev 
=É Bet) mE Phij 


277 rad 
rev. 
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E: Nozzle exit area normal to 

5.76 Five liters/s of water enter the rotor shown in Video V 5.10 | oo / relative velocity = 18 mm* 
and Fig. P5.76 along the axis of rotation. The cross-sectional area 

| of each of the three nozzle exits normal to the relative velocity is 

18 mm?. How large is the resisting torque required to hold the rotor 

Stationary? How fast will the rotor spin steadily if the resisting 

torque is reduced to zero and (a) 8 = 0°, (b) 8 = 30°, (c)@ = 60°? 





EFIGUHRE PS5.78 


Jo determine the torgue required tp hold the volor stationary 
we use the moment- of- momentum Torque €4uation (&4.5.50) 





Jo obtain 

lshake = m ME an T a (1) 
We note that 

m = /? Q (2) 
and g 

V. = (3) 

Out 37 oye 

Cx 

Combining Egs. /,2 and 3 we gef 

= _ ge. , Cos 6 (4) 

shaft 

t A nozzle 
exi, 


Jo determine the voter angular velocity associated with zero 
Shaft torque we again use The moment- of -momentum Torque 
Cguation ( €$. 5.50) To obtain this time wth rofasion , 


2 


= CÓ à 
T shaft = M Kut ae = ut ) (5) 
We note that 
= F Ww 
hat out (6) 
and 
e 
ou] 24 
nozzle 
exc 
( Con 1 ) 
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5.76 (con't) 


Combining EGS. Z5 6 4nd 7 we gef 


Lue "ree, (TE P cua) (s 
ont 
(a) For 


O= 0 we use £4. 9 vo get A 
fers)" /n e QOO =m 
or (100 Lm) (S f mm) 





- e3/ M 
p» —— 
From Eg.8 we obtam tr Ty, = 0 
w= LOO  . (& Likes) (cos 0°) (1000 a 
F Anos se a ——ÁÓ— M a. JR PME 
Oii 3 18mm?) PE aes Git ~<a 
(ty @= 70 we use Eg. ¢ 7 get n 


= (994 #2 (5 PV (6, 5m)( cos 30°)( 1000 E LL 
g. 





shat} (1200 Liters ) (37 (18 mm*) 
or m? 
m eee n 
Fron £4.É we: obhunm for ea” Q 
w = EZE buol T7) qup vad 
3( 18 mm) ( Itn Pau) m? 





(c) Fy @= 60° wt use Eg. 4 t get De 
7 _ (999 42 ) G Likez )"Co.5m) eos gor) (1000 2) (1 ge ) 
shaft me e aA n s> 

(1000 hE) (3) (19 mm*) 








oY 
n = N. m 
Shaft //6 
Frm £4. f we obean tw us O 
5 “hers e 100 mm)” 
pà CREE, galne Cee 7) = qas md 
3718-7020 leri) / o, — 


5.77 


5.77 Shown in Fig. P5.77 is a toy "helicopter" powered by air 
escaping from a balloon. The air from the balloon flows radially 
through each of the three propeller blades and out through small 
nozzles at the tips of the blades. Explain physically how this flow 
can cause the rotation necessary to rotate the blades to produce the 
needed lifting force. 


As the air flowing radially out 
through each propell er blade 
turns to thw out thraugh the. 


nozzle at the blade tip, 
j4 exerts a tangential Are 


Jo the inside surtace ot the 
blade. Further, phe yelocity 


Incvease of the dl flowing 





out of each nople results in 
addi fonal force. In the apposite dirYecTiÓn. These 4Wo 


Joyces move the. blades Counter clockwise ás 
shown, the rotatin 9 blades experience a lifting 
force tom the air flamo over the blades because 
of the downward Turning of the air. 
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5.78 | Q = 30 m3/s 


5.48 A simplified sketch of a hydraulic tur- 
bine runner is shown in Fig. P5.76. Relative to 
the rotating runner, water enters at section (1) 
(cylindrical cross section area A, at r; — 1.5 m) 
at an angle of 100° from the tangential direction 
and leaves at section (2) (cylindrical cross section 
area .A, at r; — 0.85 m) at an angle of 50° from 
the tangential direction. The blade height at sec- 
tions (1) and (2) is 0.45 m and the volume flowrate 
through the turbine is 30 m?/s. The runner speed 
is 130 rpm in the direction shown. Determine the 
shaft power developed. 





FIGURE P5.78 
The stationary and non- defaming Cobol volume Shown tn 
the sketth is used. Eguatim 5.53 Can be used 7 defermne 
to determine the shaft power. Thus 

W, aks --m (U, 7» + ri, (UL Vo.) (1) 
With 1 conservation of mass eguahon we can conclude that 


m = PQ = = 6979 kg & ez) 30, 000 kg 


The blade p fies aye easily obla shed as tolloss. ? 
kao 
Usha = (15m ) (130 Bee OT x; = 20. m 


60 3. 5 


Min 
U = kw "(a5 io Re) w) | |G Mm 
CE E 


ip 


lhe tangential veloci fjes, /2 1 and (^ " may be obtained 


with the help of the lies triangles sketched below. 
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(con't) 





With the velocity triangle for section (1) we see that 





"o a U T W Sin lo” (z ) 
Also 
W COS to? = Wa 
and m3 
ec d A | (30 z) 
r A a E 7 
znr, h, Zr (1.8m)(0. 5 m) s 
Thus 
m : 
wee Mer 100 2] oy k 
Cas 10° COS fo 5 
and with Eq. 2 
8, z * ("118 0 ) sin 10 21.6 P 


With the velocity Triangle for section(2) we conclude that 


m 2 Ww, $0 (3) 


(con't ) 
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con't ) 
Also 3 
, 2 & (30 F ) 
W/ cos YO =V,, = — - — spite een es (2:5 
f Aa  2mrh,  ZT(6$5myüdsm) f 
and 
Mn 
Mr Ver, 025 F) ogg m 
COs o? COS Yy? 
Thus from £43. 3 
d 2m)sntO = 1122 
^P 5 ge z - (16.3 & ) x S 


Finally , with Eg. | we obtain 


us “Elm fn 


W 
shaf4 


I N 
y) + Gomt ia pno 
53 


6 
~72°x/0 Mem = ~129x/0° W =-12.9 MW 
- 3 ————————————— 


lhe minus sign means Power out of the comtol volame. 
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5.79 A water turbine with radial flow has the dimensions shown in 

Fig.P5.79. The absolute entering velocity is 50 fUs, and it makes an 
angle of 30? with the tangent to the rotor. The absolute exit veloc- 
ity is directed radially inward. The angular speed of the rotor is 120 
rpm. Find the power delivered to the shaft of the turbine. 





Section (1) Section (2) 
BFIGURE P579 


Ihe statonary and non- detor ming contro! Valume shown m the 
sketch above is used. We use Eg. 5S3 Jo dekrmme the 
shaft power involved. Thus 


= = wt, FV, (1) 
“Shati | € X | 

The mass tlowvate may be obramed trom (2) 
m = PY A yey Fer 

where 
En? radial component of velocity af secton(1) 


Ihe blade velocity at Schon (/) s 
" á 20 rev (2m vad 
U - r4 (2 6o ny AY 





sasi 


XR d 
Prin 


The values of V, and V May Ge Gree with the help of 


B! 


a velocity tYiangle for the flow af section (/) as sketched below. 


J 


Vi 


x 


yi 


S 


e 1 (con't ) 
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(con't) 


With the velocity triangle we conclude that 


= n 30° = 2 es 3a 2s ff 
v, V 3m3o -Vcoséo = (So £t en se J- Z5 


Then from £q.2 
= sup fs fF ) 2m (2 f+) (1 ft) =- 6/0 Slugs 
$ ud 


FP - 
Ako with the triangle we see that 
V, = Kos 3° = y smeo” -(50 ft ) Cos 30° = 43.3 ti 


Then, with £g. ! we dbtam 


- (610 ed hae’ / ft 13-9 ¢ 3 ft = x 
M ib Shig, fi 








5 
W - — 66xI0 ft- th 
shat? — eee 
In horsepwer we ha 
: - _f4.b3x10 £t z^ 2-/200 hp 
"nels "P ($20 ff E IER) =a 


Shp 
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[= 60 | 


5.80 Shown in Fig. P5.S0are front and side 
views of a centrifugal pump rotor or impeller. If 
the pump delivers 200 liters/s of water and the 
blade exit angle is 35? from the tangential direc- 
tion, determine the power requirement associ- 
ated with flow leaving at the blade angle. The 
flow entering the rotor blade row is essentially 
radial as viewed from a stationarv frame. 





"eme us . 
mS i 


FIGURE P5.30 


To determnune the power, Walt , we use the moment- of - 
momentum power equation 2/4 $3) 72 dban 


W paft = m UE Vaa " 28 U 2 “s (1) 


net in ] 
We obtam UL from e 
U = kw = (15 tm ) (3000 rpm ) (21 ae, 
E (100 sm) (60 =) 
7o dete rmme 5 p we use the Velocity hran gle Sketthed Lela. 


= 42/2 m 


4 








2 
35° ^ 
to get 
V 
bar UM 
Tan 35? (3) 
| For M, ^e Ose 
likers 100 €@\ (100 
| y = Q . Q . pd pv enp $m) xem 
nE T A 2m% h (1000 Liters ) 2T (15cm) 3em) 
m? 


5 80 con't ) 


From Eg- 2 we obtain 


es | 7074 æ 
Vo ye 47/2 2 I 





tan 35° 
Thus with Eg. / we gef 


Wa, 7 (P1 etos gyre sy | 


HEP d "2 2j Ag. 2 


m3 
Or 


5 
Wege $14X0 M 


het? n 


ane 
! = 24g RW 
Wepate ~ = 


het in 
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Nyy 
5, 6/ er P Stahonary 
| © Control 
A O on 
5.61 The velocity triangles for water flow e «y volu T. 
e z ; a ov e i 8 oiume — 
through a radial pump rotor are as indicated in Ad ` 





Fig. P5. 1. (a) Determine the energy added to 
each unit mass (kg) of water as it flows through 
the rotor. (b) Sketch an appropriate blade sec- 
tion. 


FIGURE P5. ! 


(a) 7e defermme the energy per unit mass added 1 the water 
flown 4 Through the roty we use the moment- ol- momentum 
work éguarfion (Eg: S-54) To get 


Wshaft 7 Uu 5, d i7 (1) 
net n 

We vote tram the sechon (2) Velocity triangle that 
M ^ VU, 


/|0 asceríam e we note hom the sechon()) velocity 7 nengle thet 


/ 


= n 30° 
Va, 7 V, fn ( 2) 


/ 
From Conservahon of mass between sections (1) and (2) we centhe 
that 
V 4 D v A, = w A. 


Yi l 


Or 
> WA. Wh u a 
Kp A, * ye 3 e eds By D 9 us 
With E42, Ver =(32 #)(0.577) » / 9-8 m7 (8m 
Qnd with Eg. I we obtain = 
Ora ~ [OBO Z) + (6 au a2 ) > so to 
Net th om c ee 
(Con 1 ) 


5177 


5.8/ 


Con't ) 


(6) An appropriate blade sechon would be apprximakly tangen? 
to the sechon (1) and secton(2) relative velocities, W and 
w. The relative How angle hom the. vadial direchon af 


Section (1) 4s 


A fan [473561] «à v fes om 296° 
y 
ki 


72m 


The relative How angle tam the radial divechon at secho) 
js O°. Jhus, the blade sechm jis as sketched below. 
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5. | 
E 


IW] = |W, 
§.82 An axial flow turbomachine rotor involves the upstream (1) W 
and downstream (2) velocity triangles shown in Fig.P5.82. Is this l U, = 30 ft/s Ww. U, = 30 ft/s 
turbomachine a turbine or a fan? Sketch an appropriate blade sec- V 
tion and determine energy transferred per unit mass of fluid. - = , Ve2. 
l V, 7 20 ft/s 60°\/ — 


BFIGURE P5.82 


We can determne whether the axial tlw jurberachune 
involved is a turbine or a tan by comparing the direction 
of the sitt force on the voter blade sé€ction with the 
divecton of the blade velocity U. If the lift fera ond 
the blade veloci ty are in the same divechon a turbine is 
involved. LF the lift force and blade velocity ave in 
opposite directions, Q fan is involved. The divechon ot the 
/if* force can be mferred from fhe Shape of thé mr 
blade sechon sketched to be tangent the relative tows enterng 
and leaving the votor raw. 
jhe entering relative tlav angle, f , ta 

B= tin Ve tay BOF) _ 3° 

: hee) 

Thus, the voter blade sechons sketched beln) are appropriate 





(con't ) 


s- 7? 


5. 62 


con't ) 


Since the lift force Acting on each rofe blede sechon 
js in the same direction as the blade velcity we 
conclude that this turbomachine js a turbsne- 

/ he energy han fred per unit mass /s the shatt- 
Work per Unit mqass p Uri TE which we can dekrmme 
With Eg. 5.59. JAWS 


Wh af Tt U " í) 


From the Veloci4 y triangles Wwe. Obf 


b Ar TE, oon -U 

and 
2 = » P 
W- wW. V tu 


Thus 
Wy 1 uf yt US me - u) 
tnn- - o Ebert] sinc 208] 
Shafi 3 (zott) + (30t) sınéo - 207 E. 











hj . — 368 ft. lb 
Shafi "1 Slug 
ov 
w ar- 36.9 F4. Ib Ib a ng it. bb 
" Slug (32. -2 be ) lom 


Slu q 
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5.83 An axial flow gasoline pump (see Fig. P5.83) consists of a ro- 
tating row of blades (rotor) followed downstream by a stationary row 
of blades (stator). The gasoline enters the rotor axially (without any an- 
gular momentum) with an absolute velocity of 3 m/s. The rotor blade 
inlet and exit angles are 60* and 45? from the axial direction. The 
pump annulus passage cross-sectional area is constant. Consider the 
flow as being tangent to the blades involved. Sketch velocity triangles 
for flow just upstream and downstream of the rotor and just down- I 
stream of the stator where the flow is axial How much enerpy is | 
added to each kilogram of gasoline? Is this an actual or ideal amount? | 

| 





mean radius blade 


| 
| 

60° | sections 
} 


) 
" BFIGUR E P5.83 


the velocity triangle for tow just upstream of the rotor is 
sketched belw tor the avithmetic mean radius. 


V = 5m 
s 


Wilh the triangle we conclude that 
w= .6G72).5 m 
S 


and . 
U W,sméo' «(6 ")sméo = 5,2 m 
xn i 
| > fcon't) 5 
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7933 | fond) 


The velocity triangle tor Flow just davnstream of the rotor is 


sketthed below tor the arithmetic mean vadus. hy 
incompressible flow VWV, >y. For mean radiis tlw YY. 


Thus fer relative tlw tangent to the blade we obtain the 
velocity triangle stetthed below. 





With the trian gle we conclude that 


Mar = Ui - Wi = UY in = S20 6m) dnts's 22 & 





Also A 
- MW -/ m 
Ai. (A ) - da [02 F)] _ 369° 
Wa (F E 
V (3 7) t 

VW NL a g ew A24 A 
cos 45° Cos Je? 5 
V2 s Nar. = v = B72 2 
Cos @, cos 36.2° ? 


Using the stationary and non-detovering Cont! yolume showy 
above m the first Sketch of this sdlufion and £4.5.597 we 


can Calculate the energy Added w each Rg of gasoline. 

= Vig ee (5.2 Of 2.2 EY _ ny Mim 
This ie the acetal amtunt- of Pig / d defivered Jot asohne . 
However, not áll of it is absorbed by the gasoline , some. “is lost. 
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5DF — Sketch the velocity triangles for the flows entering and 
leaving the rotor of the turbine-type flow meter shown in Fig. 
P5%4. Show how rotor angular velocity is proportional to aver- 
age fluid velocity. 





Magnetic sensor 


FIGURE P5.8% (Courtesy of EG 
i & E 
CR. y G Flow Tech 


Fo a section of the ?ur bj ne, blade at radius Fr, ‘he blade 
/noves tanger tel ly With a veloci ty U = Fé. The veloci hy HH 
triangles may be shetehed asy shown. 


Wi 


fz 
Wr 


NS 
c 


KL 
U Voz 
Using Eg. 5.50 We ge? | 


Tn 5m, o 5 (V fom p,—-U) in, 


fov Nearly 30 T shaft 
Ü = Ve tat ff - U T V, tanp,- r W 


50 
-= Vx 2 an 4, 











EI 


5. 95 By using velocity triangles for flow upstream (1) and 
downstream (2) of a turbomachine rotor, prove that the shaft 
work in per unit mass flowing through the rotor is 


Vi — Vi - U$ — Uj 4 Wi - Wi 


Wshaft — 2 
net in 


where V = absolute flow velocity magnitude, W = relative 
flow velocity magnitude, and U = blade speed. 


Any set of velocity triangle for Flew through a turbomachire rotor 
row would give the same sult. we use the triangles of Fig. PS.77. 


U 
W, 


| Vx z 
W 2 ai 
| Ty, 2. 
Vy | V 
V, C2 
/Y 


Fram the in left flow Ve loci ty Triangle we ge f 


[a 


2 


2 2 
Vy, SEE Ve í) 


/ P. Ky in M wi ES Au 
p, "M HLFU). We, 2l Uu 


d / 


Combi aimo Egs. | and 2 We obtain 


2 2. 2 

rym Sgr M ONU (3) 

4 O0), 

Z 
From the outlet flow velocity Triangle we ger 

2 1 1 
ys E A g s £2, 
| and 

> sw” “Wut L-Ww (s 

Vom, ^t AX (U-Y,,) ‘a e 3 ou Gi; 62 (s) 
| 


(con't ) 
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5. 7 


5.91 A 1000-m-high waterfall involves steady flow from one large 
body to another. Detemine the temperature rise associated with this 
flow. 


This is like Example 5.22. 
Jo determine he fe pe. rafwre Change Wwe use the rela tionship 





para h t (1 ) 
e 
- Bry 
Where the specific heat , C= / xg We use the energy 
equation C Eg. 5.70) fo obtain 
U,- e = g62,-€8,) (2) 
Combs niing £35. / amd 2 yields 
T, a J = 9lz, =d) 
G 
or 4 
9) m \ {1000 m ) [0.4524 T 05586 KV in 
]- 7, z (f £v Y (€ DA on | ory 
/ 0 aim | n 
(7 8 Pac M! 55 Nem 
and 
7 d = 234K 





git 


58s Cont) 


Combining EGS. 4 and $ we obtain 
2 T 
Ur iU s E (6) 


Uv, = 
e 


2 02 


For the set of velocity triangles 


wap 7 0 Vu, * Uu. E 
NEF In 


Combining EJS. 3,6 ana 7 we obtain 


2 
gh y* m ur. ut.W-W,. 
C—O 


AC? n 2 


5. 90 


5.70 Is a necessary condition associated with 
application of the Bernoulli equation zero heat 
transfer? Explain. 


From Eg. 5.728 , we conclude that tor application of the 
Bernoulli eguation (ss = o) 
z o£ y 
I net f Qut F Us 


Thus the heat transter , T net? with Application of The 
Bernout li equator js pet hecessari ly 367. No. 
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5.97. 


5.92 A 100-ft-wide river with a flowrate of 2400 fÜ/s flows over a 
rock pile as shown in Fig. P5.92. Determine the direction of flow 
and the head loss associated with the flow across the rock pile. 


xt 
VEM MEE CR R arn A, 
LI 


E Lg 
Wir i tes 

: i - 
En; 3, nur x 





G FIGURE P5.92 ema 


7o determine. fhe direcho of faw we will assume 2 rte, 
Use the energy equation CEs. 5.8% ) and catulek the. | 
head doss. Lf the head loss js posihve, Oy ASSumed ditch, 
of How 4S cowed. I£ the head Joss 15 negahive whi ch Af not 
Physically poss/ble, our assumed direchorn oF flaw /s Hiring | | 


5o. ASSUMI g the tw is tum right To lef} ov ham TENH 
pomt Gi) to Pomtl2) im lhe sketch above, We get | 


Using Eg. $. 8Y O, »o shaft wok 








1. = 
7 4 = y e + Z = CH = (2) 24.254 — 
LU 29 29 ? 2 2 (: F2.2 £j 262. 2%) | | 





h, = 0.32 ft and smee b, is positive. , cur assumed — 
right ry felt fh js Cowect | 


ba 
——— } 
A mE 
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5.93 Air steadily expands adiabatically and without friction from 
stagnation conditions of 690 kpa (abs) and 290 K to a static pres- 
sure of 101 kpa (abs). Determine the velocity of the expanded air 
assuming: (a) incompressible fow; (b) compressible flow. 


~ 


lhis is similar Te Exam ple s T7. 
(a) For Mmeompressible Hav, the Bernoulli €guafhan (, Eg. 5./0$) 
applied w ad abate and trichmless tlw Pom the Stagnation 


State w the static state leads to 


V 2 (R - P) (1 ) 
Where. the ideal pus € t oh 0s of Sfate yrelds 
ss 
o RT (Z) 


È 
Combining Egs. l and2 resulh m 
2(R-P)RT, 


V = 
f 
or 
Di ou 2 (690 kPa (ats) — lol hta(abs) | (286.9 Ez CH) 
= $n é ——— 
690 A(aés) ^ ."N. : 
| and Ay. = 
| U^ - SRT? 72 
<_< mg 
(b) For Compress ible A. , E2. 5.13 applied T» adiabatic and 
| Trehenless tlw tram the Stagnation Stak to the static shite 
leads fo 


y= (EVE e 
However fo this process 


F a constant 


24 
e (Con? ) 


£-.$5 


5.93 


con't) 


E "Ay (4) 


and Combining Egs. 3 amod y /eadr fe 


] ^t ABOME Su] (5) 


With the ideal eguah 
guation of State (&. 2) &%. 5 becomes 


JA) nh] 









or 
V = alim CI gk NPK- festa E 
(1-90 -1) (7 FP yr? | 
And 
V = 570 


5- q0 
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5.94  Ahorizontal Venturi flow meter consists UR. oranes 

of a converging—diverging conduit as indicated in ee lof ai 

Fig. P5.99. The diameters of cross sections (1) contol Werbe 
and (2) are 6 and 4 in. The velocity and static 
pressure are uniformly distributed at cross sec- "e 
tions (1) and (2). Determine the volume flowrate 
(ft?/s) through the meter if p, — p; 2 3 psi, the | 
flowing fluid is oil (p ^ 56 Ibm/ft?), and the loss NEST E 
per unit mass from (1) to (2) is negligibly small. FIGURE P5.9't 






The contro! volume shown m the sketth above is used. 
App licahion of the conservahon of mass eguanhor 


(64. 5./3) yo the incom pressi efe sady How throug, this 
Contr! volume leads fo 


a =AV = A, V, (1) 


/ 


Application of the energ y esuation CEg. 5:79) To the Hav through 
this control volume yields 





2 
fa + ow ^. k CZ) 
7S 2 (? 2 | 
Combine Egs. / and 2 we obfain 
a s. fy & 
[e A, l F A 2 
i 
js. "Fe y. t E... 
uro. 
ÉL e r2 
Yn tt " A G) 1 
Q = fizz = = 2 
ean eB z b 
| ip gon n 
Cs en) 
Q = 217 tt 
C S 


5 


5.95 Oil (SG = 0.9) flows downward through a vertical [or €— | 
pipe contraction as shown in Fig. P5.95. If the mercury section (1) 

manometer reading, h, is 100 mm, determine the volume 
flowrate for frictionless flow. Is the actual flowrate more or less 
than the frictionless value? Explain. 





T 


e 


The volume, fflowrafe: o be obfaned with FIGURE P5.95 


QsAV-AÀM- riy = VD. V (i 
To deletie either V or V, we. Apply the energy eg uation (Eg. 5.82) 
to the flow between medie (i) and (2). Thus, 


\ 


E P : P 

Jg V tga = Btu ga t Hatt- 1 (2 ) 
Cf in 

eT Egs . / and 2 we obtain X | 


4 [ i- (8 ] = BLA n $0) (3) 


To determine Re E we use the manometer eguation tim, 
Sechon 2.6 o ob had 


P-A - 22 » 
Ls = gh ( seit SCoft —— |) g(2,-2,) (4) 


Combi ning Eqs. 3 An? 4 we ge f 


295 Roi - |) 









V = 
T Hey 
OY : 
wd UMS m)( S -1) 
gorge —— x AA dE 
100 nm d 


700 mm. 
and tym, Eg ./ wT have 


2 
a = oum) pote) = 0.042 m" 

2 S 
ÁAclua tlowrafe wonld be dess than the trichonkss véluc because 
the loss would be crea ker than the jero arount used above . 











duced bunc ied ded 


5-412. 


5.26 


5.96 An incompressible liquid flows steadily along the pipe 
shown in Fig, P5.96. Determine the direction of flow and the head 0.75 m 


loss over the 6-m length of pipe. 





8 FIGURE ps.os 


Assume flow from (1) to (2) and use the E 
equation (&9.5.84) to get for the contents of the 


Control volume Shown : 


E so Bak h 


24 
Y 29 29 


SX lay 


3m ~- 1 Om_/Sm = 0.5m 


Gat Siew. D &O A the assumed direchon of How correct. 
A | 


The Flow is uphill. 


5,97 | 


5.97 Water flows through a vertical pipe, as is indicated in 
Fig. P5.97. Is the flow up or down in the pipe? Explain. 





FIGURE P5.97 


The control volume shown in the sketch above is used. 
fov steady, incompressible flow downward from (A) to(8) 


we obtain fom Eq. S. 





2 i bi 4*5 ^ a b + 775 - 
From conservaton of mass we conclude that 
Va = Ve 
Thus trom Eg. / 
4 8, = GH + aot 


However the manometer equation (see Section 2.6) yields 


a8 Es gf h(i- 56,) - 4] 
and 


41955, = gh (1- SG p ) 

which is a nega five Quantify Smnce P) -/3.6 . A negative 
Joss js not Physically possible so the tow must be 
Upward from 8 to A. For upward flew the above anas: 
leads fo 





ZA - gh ( S6, -1) 


Which is positive and there fore physi call, yeasonable . 
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5.98 A circular disk can be lifted up by blow- 

ing on it with the device shown in Fig. P5.98, 

Explain why this happens. TT 
attached 
to tube 





FIGURE P5.98 

Applying the energy equation (&g.5-82) fo the flew tam section) 
anywhere within The space between the two circular disks to 
section (2) at the exit of the flow between the two eliskr we obtain 


h BOR = fy V — loss 
(°C 2 f£ uo 
We note that the exit pressure, P., i$ p . Thus, &g./ becomes 
X im 
FL 9 e(t + SS í) 


With conservahon of mess ^ conclude that 


A, Ar Di 
TE à ie 


/ 


Whith We p Combined wilh ég. / yields 


A ex fie np] + loss (2) 


We Conclude with £4. 2 that the prssues Within the How better 
the 2 disks are mostly less than p =p; Sec BER and 


loss is gmall. An e Xp e is the Siagnalion pressure where she 
fube flow smpacts on the later dlik. The less than abmayhen 
Pressure Value of P vesult tn tbe disk beng Ltted up. 
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5.92 


5.99 A siphon is used to draw water at 20 °C 
from a large container as indicated in Fig. P5.99. 
Does changing the elevation, hk, of the siphon 
centerline above the water level in the tank vary 
the flowrate through the siphon? Explain. What 
is the maximum allowable value of h? 





FIGURE P5.99 
|he volume  fiwrak through the Siphon is related 40 velecity by 
the eguation 


Q = VA 


where A 75 the constant? cross sechon area of the siphon. Thus 
V is constant throughout the siphon, 

Assuming $5 teady 5 scam pressi ble J fhow without fichon allows us 7b 
use the Bernoulli eguation be Wwe en any two powts along a 


pathline . Thus D 





or 

and it appears as if Vy and Yhus & ‘Ss Constant and independ en} 
of the ule of A. 

However, if the Bernoulli equation is Wyilten tr fhw between pomb 
2 and 3 we obtain 





B-A lc 


L 
and we cmclude A Since R= =p, , as h beams lmer, P bec emt onaller. 


JÀe maxmum value of h is associated wih the minimem Value of 8 which is 
the vapor pressure oF Water. Thus "m SS G.2 


JA 24-A. Umm A )-(2: 332 x jo A) | | 


= 9,06m 








max 729 a 22 E) ERU Er) , 
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5. 100 | 


5,/00 A water siphon having a constant inside diameter of 3 in. 
is arranged as shown in Fig. PS.Jod. If the friction loss between 
A and B is 0.8V*/2, where V is the velocity of flow in the siphon, 
determine the flowrate involved. 





FIGURE P5. 100 
Jo determme the flowrate, a, we use 
g su y 
: (1) 


lo obfoin V we apply the energy eg vation (EG. 5.82) beween 
Porn ts o. an G n fh. sketh gboe. Thus, 


8 = 
p r ley 93, fh fois * “yt — Joss 





NEF in 
or 
p - y 
= * 42, A». - Ov Z 
Thus 
- T > 
V 9 “A <¢ = 16.9 ft 
0.4 n 
Quid with Eg. [ 
2 
Qo - Gm) (fs gl. 0,330 f? 
4 (144 a. | | ruf 
5 mue 


5.01 


5.10! Water flows through a valve (see Fig. P5.10) at the 
rate of 1000 Ibm/s. The pressure just upstream of the valve is 
90 psi and the pressure drop across the valve is 5 psi. The inside 
diameters of the valve inlet and exit pipes are 12 and 24 in. If 
the flow through the valve occurs in a horizontal plane, deter- 
mine the loss in available energy across the valve. 





FIGURE P5.{O! 


lhe control volume Shown jn the sketch abowe /s used. 
We can use ig. 3-77 70 defermme the loss in availabe energy 
associated with the tn compressible steady Flaw through this control 
Volume. Thus i 
Joss = 4-R z cu 
Z 
From the conservation Of mass principle 





V wd. 7 
/ 2 
oA, prp 
And : T 
y= 4 
E PUE 
44 
Thus 
is 
has =) “2S Jet. a 2») 
jf? Z 
loss = (50 = ‘yor ORAN E) rs Cm m4) yg] ) Cg) 
/.924 Slugs 2 | (19 ag) 22 ly 
Lye sug 
loss = 9660 f¢4.4 
slug 
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3.102 


§.102 Compare the volume flowrates associ- 
ated with two different vent configurations, a cy- 
lindrical hole in the wall having a diameter of 4 
in. and the same diameter cylindrical hole in the 
wall but with a well-rounded entrance (see Fig. 
P5.102). The room is held at a constant pressure 
of 1.5 psi above atmospheric. Both vents exhaust 
into the atmosphere. The loss in available energy 
associated with flow through the cylindrical vent 
from the room to the vent exit is 0.5V3/2, where 
V;is the uniformly distributed exit velocity of air. 
The loss in available energy associated with flow 
through the rounded entrance vent from the room 
to the vent exit is 0.05V 3/2, where V, is the uni- 
formly distributed exit velocity of air. 


This is like Example 5.23. 


Yat 


fe pep Section (2) 


I 





er 
SC section My A section(2) 





FIGURE P5$5.102 


The volume | Ylowrarc tw each wnt con hguvahian (3 obfained with 


2 
8 = ALY, a ™ P, 7 


(12 


el 
ana the exit velocity of Cach Vent is obtained wilt Ihe energy ej Man 


(€8. $42). Thus, 
2 E 


y , 
chow at 5-5 — 46972. ) — lor! 


— — 


2 2 2 
we DR KY, 
i AU 2 
And = 
Vs ZP -P ) 
E pe n e, ) 


(2) 


Fay the Cy ind vice | Vent with An abrupt Chitrance : Eg. Z leads fo 





Y? 
2 38x sl 
( a Jtt os f 
and with eg. wt obtain 


TR enkan 


s psi) MM. m^) 


Jos. tt 
J> 


f 
- 3424 7 


= pfta} Grr f) =- 3og ft 
4 (144 in. 


V ll ; 
for the cylindrica] vent TA a rounded enfe, &.2 leads 72 


Z 


and wilh CF. we bbfain 


CQ rounded exeo 


2-29 


- (2) (15 pri ) Cot an ) 


(238x10 tis y nag yr 1 la 


uş- 
2 
= Ara.) (HS8 H) 2 3.3 


) 


f 


e Tug 
a 


a 
—_—_——_— 
————— 


ft? 
S 


5.103 A gas expands through a nozzle from 
a pressure of 300 psia to a pressure of 5 psia. 
The enthalpy change involved, h, — hz, is 150 
Btu/lIbm. If the expansion is adiabatic but with 
frictional effects and the inlet gas speed is negli- 
gibly small, determine the exit gas velocity. 


because of the appreciable pressure drop involved in this gas flow 
we consider this problem fo inVoWve compressible Haw. from 
Eg. 5.7/ we OLAI 


MM M ám, 


^ 2 (^, - v, ) 


2 /150 T u) fins ftu Ft. lb (^-^ lon, nat | 


2749 f! 


5 


N 
| 





d 
Jl 
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5.104 For the 180° elbow and nozzle flow shown in Fig, P5.104, 
determine the loss in available energy from section (1) to section 
(2). How much additional available energy is lost from section 
(2) to where the water comes to rest? 


p, ^ 15 psi 
Vi = 5 ft/s 





FIGURE PS, /04 


for solving the firs t part of this problem, Aue Contro! volume 
shown in the sketch above is used. To determine the oss 
accompany ng flow tem sechm / fo Sechon 2 Eg. 5.79 cin be used 
as follows . 
LA E A - + v- » 2(£,— 2) 
£ 2 

Since X-y Coordinates are speci fed We AaASSame Zar Fhe How 
15 horizoenfa! and  Z,-2,- O0. Also, B= Ph, = O Psi. 


From the cmservafion Of mass principle we conclude that 


Y= HE * “(7 ) 


Thus 
05. Ul -(j Ji 

1055, T 274 fF 2) | 

Ae 
1 "Fox e sym O mh Aa , (5 #) / EA er /L 
lugs Sla 
a LS 

,les$, - 926 Tt 


pu slug 
For the second part of this problem we consider the How of a 


fuid port cle. trom sechon 2 a shate of vest,4.£9. 679 leads +o 
,/ P5, - 5 


Note that we Sade assumed that gs P = Fa d Z - 


Jhus a D. S lo 
f t)/l2ine\/1 
,/255, s XM = ia :). (s £t ir) m D. 
9 
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5.105 An automobile engine will work best 
when the back pressure at the exhaust manifold, 
engine block interface is minimized. Show how 
reduction of losses in the exhaust manifold, pip- 
ing, and muffler will also reduce the back pres- 
sure. How could losses in the exhaust system be 
reduced? What primarily limits the minimization 
of exhaust system losses? 


We apply the energy Guapo ( €g.943) to the tlw tram the 
engine block , exhaust manifold mleta ty fhe exhaust Sys Em 
exit to get 


= 2 
E owg fout - ^ *- je( loss ) C) 
With Eg./ we see that reduction OF loss m the exhaust 


System results m a lower value of P, @nd thus rhe engrre 
back. pressure. Losses in tae exhaust Jy Ava co be 
reduced by Eliminat 9 mjr [oss componeng such as the 
Catalytie converter ana the muffler as 1 offen done 
wn Face Cars. Howe vey noise and emissions legislation fmit 
the extent to which fhis kina of loss reduction can occur 

in conventional yehicles. Some loss reduchon can ako occur 
by contiguring the exhaust Systm piping wilh fav bends 
and aypro priae avea distibufons. However E: 

vesuireménts often leads fo bends and turns im the pipm 
and Costs limit the extend of optimizing area diit bub ms. 
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5.107 (See Fluids in the News article titled “Smart shocks,” Section 
5.3.3.) A 200-Ib force applied to the end of the piston of the shock ab- 
sorber shown in Fig. P5.107 causes the twoends of the shock absorber 
to move toward each other with a speed of 5 ft/s. Determine the head 
loss associated with the flow of the oil through the channel. Neglect 
gravity and any friction force between the piston and cylinder walls. 






= Pera 
fs rs is — 
- e i raras 
n ret 
" UN 
< v 
= - = 
> ee or SL 
Tuc] : e i 
=~ t= — 
"| en seh 
s: ] 1 > 
ee ^ = 
= pannes 


pa 
z A 
n tee 


aL 
ee 
divo Ame 


From a Torce balance on lhe cylinder 
f, ^ -fa Az = 200b 
or with =0 


"E 200 Ib/9, 200 Ib/ (E (sk IY") 


23 67 xI0 8, - -255psí 


From the energy equal jon, 


f tu - -h, = faxo , where 


z,*E "s 0 Vest ida and pa=0 Assume = 50 JA. 
Thus, 

We, 3.67x10* T NICE 
h- fí*zg * | 


A——— -73411]1*0,.3891 2 73^4fl 
‘So i ) 2 32. 8) = 


200 ib 
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5.108 What is the maximum possible power output Of the hydro- 
electric turbine shown in Fig.P5.108? 





Turbine 
BFIGQURE P65.108 


for flow trom sechon (1) to sec Pro nfz), £4. 542 yields 


zZ 
2 
E+ Arga = fY EGE; 7 “hate ~ (55 dn 
2 "d -— y z net in 
“WC € = = = = 
^ Paver... LANE M £g./ can be expressed as 
4€7 in ne? out 
a2 
Oh op = G(2,-2,)- V cosy 
net out = 


The maximum wark Or power output is achieved when loss =O. 








Thus 
= W = m (2-2, = Vy 
Wn mall L3 i z J 
net out ^er out 
Maximum mae 
Now 3 
m= OVA, = pl, WO; IE 4710 49 
4 k^ V an 5 
and 4 
Ws, tf #4710 8I 9 £m ( 50m) - CF 
sah oak sp E &) ) D det T 
Maxi mum 
. v 
Wa = Z220 E = B220 W = 2.22 p 
net out mE 
maxínmur 
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5.109 


5.109 The pumper truck shown in Fig. P5.109 is to deliver 
1.5 ft?/s to a maximum elevation of 60 ft above the hydrant. The 
pressure at the 4-in.-diameter outlet of the hydrant is 10 psi. If head 
losses are negligibly small, determine the power that the pump 
must add to the water. 





60 ft 





H 
ae s. 
su LT i TETTE LER A, 
Hydrant 
BFIGURE P5.109 


To selve this problem we first use the energy eg al ev (1g $99) 
fe^ flew tom the, hydrant} ex; ^ ) Je the maximur4 desira? 
elevation of 60 t+ (2) Jo get h, or m This case, the pump 


head. With the pump head we can get the Pump power 
from £4. $.8$. | | 





O 0 2 Oo 
AS, m = La Wee th Wo oa 
e 29 £2 29 i 
* Ba 
h, SS ey f T M | 
Ea H 
V = 2 $e = (6 #4) —/7.2 ft e| 

) 


Td) TW [Ain B 
4 faa) i 
e rn in. | ELLLLI 
h = bo €& - loj)" 2) — (m2 £) 
(62.4 s] | 2(92.2 & ) 


| 

| 

Ay = GR ‘FZ fe See! E 
W, . = QA = (624 Eye) 82235). | 
s 9t 5 (550 fb) | 
y. hp 

= 5-4F hp i 

shaft See | 


het in 
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5.110 The hydroelectric turbine shown in Fig. P5.1/0 passes 8 
million gal/min across a head of 600 ft. What is the maximum 
amount of power output possible? Why will the actual amount 
be less? 


From the energy equation 





PR "m 
f i E : E : t2, 2; Turbine 
p "29 S 4 f BFIGURE P5.4/) 
where f, =O, TT "T | 
Thus, 


h, = (Z,- Z,) +h, © ae z 


And, the power is geh by 
W, - foh -rQ|(z, -Z ) tht] 


The maximum power would occur if m" were no losses (b, 0) 
and negligible kinetic energy at ]he exrl ( V, 70; large diameter ovilet) 


Thus, 
al 
Mars = YQ (Z -z ) = 62.4 fa (8x10 385 | 92.19) (aoo y) 
Ma 


g 
6.6700" Tb Lip) a- 
(scfm) /,21x 10° hp 
The minus Sign is associated with power out. 


The actual power will be less by GQrnounts Corres pond ing to logs 
and exit Kinetic Energy - 
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5.111 A pump is to move water from a lake into a large, pressur- 
ized tank as shown in Fig. P5.11 1 ata rate of 1000 gal in 10 min or 
less. Will a pump that adds 3 hp to the water work for this purpose? 
Support your answer with appropriate calculations. Repeat the prob- 
lem if the tank were pressurized to 3, rather than 2, atmospheres. 





a FIGURE PS.111 


V, 
#1 42, JM th -h = fz Zati, where q, 70, Z,"0, V, *Ü and zs - 20ff 


j 77 
Thus, 
(heh +B Za. 
Also, die: | 
Q -rooogal) /ttomin) (ess) nun; - 0223 
E that, ft. lb/s 


h = W, a eS 114 fl 
$ ya (62.527 iS)(0.223 ££ ) 


(a) Jf ^ = 2 atm = 2(14748,)( Pm /P) = 4230) | then From Eg.LI) 
Ib 


| EE 
* (62 2,4 15) 
Ths LU 
h, £ h, -97,8 f/ x: [7911-92 81] = 3/24} the given pump Will work for f,= 2am. 


+20 = h, +87,8 fl 





(b) If f= alm = 6, 350 di, then 


h, Zh, + EE eant - h, +1224 
Ta 


Thus, it this pump is To work 


I9 fL 7h, *122fl, or hy 5 - 3f 
Since it is net possible to have h,<0, the pump will not work for 42, = 3 atm. 
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5.102 | 


S.112 A hydraulic turbine is provided with 4.25 
m?/s of water at 415 kPa. A vacuum gage in the 
turbine discharge 3 m below the turbine inlet cen- 
terline reads 250 mm Hg vacuum. If the turbine 
shaft output power is 1100 kW, calculate the power 
loss through the turbine. The supply and dis- 
charge pipe inside diameters are identically 80 
mm. 


We consider the turbine mlet and discharge To be sections(1)and(2). 
kw flow tm sections (1) to (2) £4. 5.82 yields 


loss = P-R + 2(g-2.) - Wyz (1) 
/? het our 
Since 
we oe 
And 
W shaft 7 um 
het ouf net In 


for power loss through the Turbine we need 1 multiply Ea. | 
by the mass Htowate, m, thus 


power loss =` m (^- R) 2 m9(&-2)- Worth (2) 
(? 


net ouf 


However » ; " 
Moz z 9 9 / 4-25 uy = 429 J 
m= (4 ar z ) > 
Also 
2 -(0.25 m Hg P, (9) 20.25 m ise Ay tim Y ^2 ) 
I m? s> hg. m 
oe Pp =- 33 300 N 
z d p? 
With Eg. 2 
N 
nt fms H4) oa faep) 
(999 * ee 
hn 26 AL im 
OY (21x10 ion) 
power loss = 950,000 © = 930 RW 
f lM 
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5, 113 | Py, = 0 ps. 


Q - 150 ft3/s 
Section (1) -Dj = 3 tt 





5.112 Water is supplied at 150 ft?/s and 60 psi to a hydraulic 
turbine through a 3-ft inside diameter inlet pipe as indicated in 
Fig. P5.112. The turbine discharge pipe has a 4-ft inside diam- 
eter. The static pressure at section (2), 10 ft below the turbine 
inlet, is 10-in. Hg vacuum. If the turbine develops 2500 hp, de- 
termine the power lost between sections (1) and (2). 


po = 10 in. Hg 

vacuum 
FIGURE P5.112 ario 

For flow between sechons (1) ana(2), &q. 5 82 leads To 


power loss ARCA) « $(2-2,) + (4) DW (1) 
P 
Shine given dike net 0u 
£z (CI m. M ELA HM on psa Ey Lt Ib e Wg Ib 
/2 2) "1 £t f” 
Also 3 
v» &. E s OI nme 
A To, 7m (afi) 3 
4 
From conservation of mass (64.513 ) 
Uz Vie D; - (41.22 * GBH) _ 29 £f 
Ar D* (4 #4 3 
From Eg. | 
2 s 7) 
power loss = (1.94 sys \(6 E IOA PL H 60 Io u fni 4 in Us (7 
£y $ 
P 550 f1.lb ) /. 9€ =) 
5. Ap £43 
32.2 Í+ \(lo f+) 1e 51.22 £1) -(1144 f f Ib 
( £f / slug. f. ag) * f j pen f 2 
* 4 500hp 
OY 


pawey loss = FO) ^p 
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5. /[4 | 
| 5.114% A centrifugal air compressor stage op- 


erates between an inlet stagnation pressure of 
14.7 psia and an exit stagnation pressure of 60 
psia. The inlet stagnation temperature is 80 °F. If 
the loss of total pressure through the compressor 
stage associated with irreversible flow phenom- 
ena is 10 psi, calculate the actual and ideal stag- 
nation temperature rise through the compressor. 
Calculate the ratio of ideal to actual temperature 
rise to obtain efficiency. 


We assume that the air compressor Operates adiaba fically. 
An ideal Compression process is frictionless and adiabatic 
and thus according to Eg. 5.101, it is a constant entropy 
Or sSsentropic process. With Eg. 5./0' wt aíso conclude 
that an acia! adabahc compression mocess with frecfidn 
must thvolve an entypy snerease. On Temperafwre - Latropy 
coordinates, the ideal ard actual Compression processes 
appeay as Judicattd im the sketeh belay. Also shown Js 
the /0 psi loss m staguahon press uve due vo tichon. 


Po. À ideal 





We consider the air beng cempiessed T? behave as an ideal gas. Then 
from C45 € amd 511 "€ Ibam fw fhe nt processes 


Vip T te Sae = GR) EP er. UT UE 
/ 4.725. 


be achel ^ bı Rye. - ($690 72 yt s - 843 R 
[4.7 sie 
lo 
(con't ) 


$-tlo 


and 


(con't ) 








Then 
actual stagvation temperature fise = nw i = GYZ R- SHOR = FBR 
anda 
ideal Stagnation Temperature yise = L. Bai" A = FO7TR-SHOR = 267K 
Also 


6 
effiu'ency = 2jde! 7, | p 267 R 
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5.115 Water is pumped through a 4-in.-diameter pipe as shown 
in Fig. P5.115a. The pump characteristics (pump head versus 


flowrate) are given in Fig. P5.1156. Determine the flowrate if 
the head loss in the pipe is ^; — 8V^/2g. 





Q, tt3/s 
{a) (b) 
BFIGURE P5.115 
fiz iM ih-h-@ Va" 
pt eee ee 22 +56 , where f, "fi 20, 2,70 z-2H 
y =O and V. z QA, 
Thus. 


h, - y= Z + 5 , with 


pn Vi andi 
hs = hp 7 16-58 and h, 7872 787: 


There fore " i 

-ch 28. _ Q 
l6 5Q gaz J2 * 22/2 
0 


E 3 
(1) (stag) a +(5)Q -4 -D where 27, A,~ ft" and Q^ £t 


Using the giVEn data D E g. (1) becomes 


9 
eagar] QisQ-4-2 
0r 
(2)  J&ssQ 4 5Q - 4-0 


The posi hive root of Eg, (2) 1s Q = 0.350 i 





(The negative root of £9. (2) has no physical meaning.) 


S-H2 
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5.116 Water is pumped from the large tank shown in Fig. 
P5.116. The head loss is known to be equal to 4V’/2 and the 
pump head is h, = 20 — 4Q’, where h, is in ft when Q is in 


ft?/s. Det fume the flowrate. 
Q 





(Z)Pipe area - 0.10 tt? 
B FIGURE P5.116 


y^ 
fb A3 +h -h = = +A, +38 4, ma = fi, =0, 2,213 FF, 22°C heh, 


and V, = 
T hus, z | 
(1) F, 4 hp -h z M 
ra 
Also 


2 V," AY, 
Veh eg y GR 2 since L- 


oo” 


h, 29 29 EN 
lence, Ee, (I) becomes 


Z, +(20-4Q2) - 4 (GAY (8/4) 
or ^ ap 


eye) je 72042, ,Where g> ZW and Qe ££ 


n 


Thus, with the given data 


Sa tb aes Zis j 


or . 
= tt 
Q= 1.67 i 
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[5.07 | 


5.117 When a fan or pump is tested at the 
factory, head curves (head across the fan or pump 


versus volume flowrate) are often produced. A d e = 5 

generic fan or pump head curve is shown in Fig. s a zr 

P5.117a. For any piping system, the drop in pres- $ S Sg 

sure or head involved because of loss can be es- n= MU. 

timated as a function of volume flowrate. A 

generic piping system loss curve is also shown in $ Velum eawirate Sp Olas Troan 
Fig. P5.117b. When the pump or fan and piping (a) (b) 

system associated with the two curves of Fig. FIGURE P5.117 


P5.117are combined, what will the flowrate be? 
Why? How can the flowrate through this com- 
bined system be varied? 


The flowrate of the combination of the fan ov pump and the piping 
Sys hem represented by the two curves sketched above will corres pond 
w the wmtersecton of the two curves as indicated in the sfeefc] 


below secause this conditions Satshes botr components im Terms of 


head and H#owrate. 
H 


Q 
Corb ned 


System 
To vary the flowrate through the combmed system, the Pi ping 


System curve 1S normally altered as shown læ hw by changing 


the resistance to flow of the piping system. This could bc 
accomplished, for example with a variable ara vale. 


H 
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5. 118 


5.118 Water flows by gravity from one lake to another as sketched in 
Fig. P5.118 at the steady rate of 80 gpm. Whatis the loss in available 
energy associated with this flow? If this same amount of loss is asso- 
ciated with pumping the fluid from the lower lake to the higher one at 
the same flowrate, esamate the amount of pumping power required. 













T P Ji 
Aet DA 
l ur T m 
i ccm A 
IL M ed e jj A th ii yt 
al ut : re Hi 
TM UN itf m 





~ - js 
pe ug DN 






RS IM iis UN SE vds 
E m ul ie 


BFIGURE PS.1i8 


Q- 60 je = 0.172 A’ 
sal s 
Goa HU) 
For the flow fam sechm (a) To. n Eg. 5.62 leeds +o 


asco don) ta e 


for pumped flow frm sechon (b) + POP Ez. 5.82 yields 


W,, eala- 2,) + loss] ]-( "ans afecten i 








net in 
44610 T 
7, 6 _ 10 fhe .' 2,02 hp — 
Wonaft 7 
net in 
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5.114 Water is pumped from a tank, point (1), to the top of a 
water plant aerator, point (2), as shown in Video V5.8 and 
Fig. P5.119 at arate of 3.0 ft’/s. (a) Determine the power that 
the pump adds to the water if the head loss from (1) to (2) where 
V, = 0 is 4 ft. (b) Determine the head loss from (2) to the 
bottom of the aerator column, point (3), if the average velocity 
at (3) is V; = 2 fUs. 


E FIGURE P5.19 





(a) The energy equation from (1) to (2) 
fal +z th-h- + Bez, 
with 
f= f47 4-4, =O gives 
h = h *z,-z 9 fl t(oi3)fi- 5f - 12 ff 
Thus, the pump power is 
W = SO Ne = 62.4 ^ (3E) (12H) = 2246 Rs (—L8...| 


550 ft-lb 
= 408 hp n 
(b) 7he energy eqvation trom (2) 1o(3) 
A +2, +h h = f +z; 
wh 
f= f = a) =O gives . 
(2€) 


hm E - Vs = att 3H - Fara) = /ofl- 0.062 #1 


T 


or 
h, = 9.94 tt 


5- 1/6 





5.120 A liquid enters a fluid machine at section (1) and leaves 
at sections (2) and (3) as shown in Fig. PS.120. The density of the 
fluid is constant at 2 slugs/ft®. All of the flow occurs in a hori- 
zontal plane and is frictionless and adiabatic. For the above- 
mentioned and additional conditions indicated in Fig. P5.120, 
determine the amount of shaft power involved. 


t pı = 50 psia 
— Vo = 35 ft/s 








Section (2) 
Section (37 | i 


P3 = 14.7 psia 


A»)  L— Section (1) V3 = 45 ft/s 
A3 = 5 in. 2 
pı = 80 psia 
V, = 15 ft/s i 
A, = 30 in? FIGURE P5.120 


for the frictionless and adiabatic tlw thro gh this tluid machine 
Egs. 5.64, 5.65 and $.76 lead to 


Was? SB *$)- "(Ee )e m B aW) (1) 


net In 
Since 
V ° v ‘ w . e v à Vv v 
(ü,-mu -mu,s (m,+ 9n,)u,- mu- m, us m (d,- ú) 
‘ v 
+ n, (ú, ú, ) = 
At section E 
mn, = V 9a Su (E in. YG T: 2 E J. /25 I 
2) Lr in.” 


At section (1) 


= f2 Slugs) / 30 in IS ft = 6.25 Slugs 
Py * PA f ea WE I 5, 3 


From | conservation, of mass 


A z sl $ 2/269 An = 7/25 SE 
m, = h- m, . 6.25 3975 


With Ee.1 we obtain 


6 ; i in, f+ 
agus 7 [ort] i e à J, et ls €) Slug PE) 





net tn ea ai ^ i 
6.25 slugs 90 # aint i in. ££) 1h 
£ 9 Z ae T ga Ef z) 





gea E), egi, ay. Mer 


W, ath EM hp J the net shaft power is out (<9) 


net sh 


-— ff. Ts 
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5. 121 | d 


Section (2) 


5.12| Water is to be moved from one large 
reservoir to another at a higher elevation as in- B-in.-inside 
dicated in Fig. P5.12}. The loss in available en- diameter pipe 
ergy associated with 2.5 ft?/s being pumped from 
sections (1) to (2) is 61V ?/2 where V is the av- 
erage velocity of water in the 8-in.-inside diam- 
eter piping involved. Determine the amount of 
shaft power required. 







FIGURE P5.12! 


for the flw tm section (1) 7o S€ction (2) Eg. 5.02 leads 


7o 
Weratt = pA] 9 lè- 2,)+ loss | - je [ 309,3) * ev] d (I) 


net in 


From the volume flowrate we obtain 





J 
E «Eis E. 
V = A Ja = 262 H 
g p. 
(2 & se 
Thus , from £8. | 
J 3 
W = (1-94 5695 )f 2.5 e (32.2 f* )(soff 
shaft £1? M 5 ;* )(s / 
ne? in 
+ AM 4 P is Tig 
zig. B 550 ttle 
or hp 
= 2êhp 
shaft — 
net th 
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5.122 Water is to be pumped from the large tank shown in Fig. Nozzle area = 0.01 m* 

P5.122with an exit velocity of 6 m/s. It was determined that the Pipe area = 0,02 m* 
Original pump (pump 1) that supplies 1 kW of power to the wa- 
ter did not produce the desired velocity. Hence, it 1s proposed 
that an additional pump (pump 2) be installed as indicated to in- 
crease the flowrate tothe desired value. How much power must 
pump 2 add to the water? The head loss for this flow is 
h, — 250Q", where ^, is in m when Q is in m?/s. 





É +z, HE +h, “= ftiza E 

where r 

fi =fa79, <0, 2,<0, BaF 2m. 

Thus, | " 

h = h, * Z; + 3g A where Ve T ám/S so Hat Q 2A, V, - Q.0Im (6 M/s) 


7 0.06 7s 
Note: h, = Aounel + oumpa 


2. : 
Thus, with h, = 250Q*= 250(0,06) =0.90m d follows thet 
(ns) 
h, = 090m + 2m+ 209.81 22) - 473m 
so that 
W = 0h, -(7,80x10° k, (0.04 ^) (473m) 2 2.78x 10 Mm =2,78 kW 
T herefore, 
W, 7 Wut * Manz. =2-78 KW, with Woump) = 1 KW 


Hence, 


4 


Woump2 = 2:78 kW - [kW = |, 78 kw 


S- 4/9 


5.123 (See Fluids in the News article titled “Curtain of air,” Sec- 
tion 5.3.3.) The fan shown in Fig. P5.123 produces an air curtain to 
separate a loading dock from a cold storage room. The air curtain is 
a jetof air 10 ft wide, 0.5 ft thick moving with speed V = 30 ft/s. The 
loss associated with this flow is loss = K LV 2/2, where K,; = 5. 

How much power must the fan supply to the air to produce this flow? 


Air curtain 


Open door 





B*ICUAS PS.123 


ft +z, +f the -h, = £2 +2, 


where ls 2 
p= fr.20, 2222, 479, and he 2E = 5s zz 
Thus, 


4.2 
h, =h, "A — oua Ve TO au 3(302) = 23.9 ff 
T 2 ? — (32.2 ff) 


Hence, 


(0.5-ft thickness) 


W, -YQh, 7 eg, V h, =(0.00238 ja E (10 f osey(30£t) (83.9) 


Fb 
ser H(t FE) 


$4 br 
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5,124 If a ?-hp motor is required by a ventilating fan to pro- 


duce a 24-in. stream of air having a velocity of 40 ft/s as shown 
in Fig. P5.4, estimate (a) the efficiency of the fan and (b) the 


thrust of the supporting member on the conduit enclosing the 
fan. 





WB FIGURE P5.124 


(a) The solutan tp this por? ef fha problem 1S h ke Example rt 


Wwe use 
Wsha! 


To Caleulake the. fan eff ciency. 


We use the eroryy eguatin(G.532)b tov through the 
comto volume skekhed above 4 calculak the ss as 


Whare T loss 











follows 
2 2 

ALY, +92, = P ox. gs D — 1055 

C4 -£ P 2 net in 
"e RER Sd B= Be MSOs mae ae 

J ^e? In m 
Also - e^ V, zoe WV 
KT 4 

So i E 

loss = “shaft — Ve i 7 

het in Z "(z^ 2 
Z Ib : E 
loss = 4 (gp YES) | (v0 tt) 


(12 $ Me Qin. suis MU 
in rr IR ME CR fara mg) ft ( 16. 202] 


(553 £A sE Ry 7 


(con ) 
c-121 


(con't) 


iiss JU Dus 2-248 fil . 92 U4 
r len, ere UIR 
* ga f2. Ub 
27 tL A0 AT 
F — — n — 7 
yy PLM pc 
bine 
For 


(L) We use the hovi zontal Component of the linear 
Mamen fum equator H evaluare fa anchoring 
Yuvcet. require d tn hold The fan ^n pace 





= Vp 
aa 
Fron pavt (A) 
SLE ¢in-\ (Hot 
A Pd, V = (47 2 La a?) aL fe) 
ddi (4 2E: J(ente) 4 
m = 9.41 lém lba R 


> 
lém 
Eag (vo 8 G4 J 2 4^7 bb 


Ax ——- 
(322 eke | 
Ib. S> 


JO 
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| 5.125 


5.125 Air flows past an object in a pipe of 2-m diameter and 

exits as a free jet as shown in Fig. P5.125 The velocity and 
| pressure upstream are uniform at 10 m/s and 50 N/m’, respec- 
| tively. At the pipe exit the velocity is nonuniform as indicated. 
| The shear stress along the pipe wall is negligible. (a) Determine t 

the head loss associated with a particle as it flows from the p=50 N/m^ y.10 m/ís- 

uniform velocity upstream of the object to a location in the wake 

at the exit plane of the pipe. (b) Determine the force that the air BFIGURE P5.125 

puts on the object. 





(A) To dekrmine the loss suffered by a fluid pav Te je as it f bw. 
| from (1) to a locaton yy the wake at (2) we apply fhe 
| font €4 ua hor (Eg. 5.84) fo that parficle flow fo get : 
| O 


e 2. 2 Watt 
"t V +A = E T Vi f T netin _ h, (1) 
Y 3G y 29 G 
Or 2 


a 





E 


h = Po 
L d 29 29 


J 
pga (s. xc rm 2) 
hh uc M 4 (mn t? =- ZYE 


—_———— — M —— M 


L 
(2x. 2 (9.81 % ) z( 9. £ a 
To determine the head loss associated with the enhve flow 
Across the Object we use the non han Dien Flow € neu equa hor 
( 69.529) for flow fron, (1) 1o (2) Throng h fhe contol volume 
Shown The skekh [o ger : 


o 
P VE 7E / f} 
A + ee Va T A, e A T » e / 7 m yin — h (2) 
ð 29 d 29 g = 


From Ég. $.$6 we gef: 3 


A 
Av | ev Raa 23 e V. n a4 
2g “ m 


Be PVA 
E3. (L) be ui 
$- (c) Comes : J x A 
A = 5 o V, mee Se 








== 


J 29 PVA) + PD 
2 T 





U 


(con't J 
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(cont) 


A 3 Z A 
Or 
(«45 . gam FTF FF 
2. a ooo 
Lo 4 29 eg a 
y y (2 7 = 
and Pow E 
3 





N (n ,* 5 j 
uisu m d a ltr * de : 
, RUE) 1 (fag m fani ed ftmt 
(a) aeta) "ze re a 
m s> (+ prind + (2g r Ew- Im) 
h, = 2.5¢m t 
(b) T dekrmne the twee. that the air puts on the object ^, 


we use the horirontal m ; 
ijae i “are Co ponen F- of the linear momentum 


à 2 
-oV, 4, * Jo V. A sev 4 = PA - Ñy 








sam fim s» TT 
and Thus - a F | 
R, - pA, pl M, — p aylan thag) 
5 | £f s s s 
R= (50 N)TOm) 4fi23 43 EAA 
rU E USE «(n SR e go) pe o.) 
| m? 7 me RY 
~/.23 ky ¢(/2 2) 7 [amy (im ] S A ; 
ar, F ) (42) 7 Co? Ls 
Ano = C T 
R, =110 N 
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5.126 Water flows through a 2-ft-diameter pipe arranged horizon- 
tally in a circular arc as shown in Fig. P5.126. If the pipe discharges 
to the atmosphere (p = 14.7 psia) determine the x and y components 
of the resultant force exerted by the water on the piping between 
sections (1) and (2). The steady flowrate is 3000 ft/min The loss in 
pressure due to fluid friction between sections (1) and (2) is 60 psi. 


Section (2) 





| Rx 
Section (1) Contre | 


Volume 








BFIGQURE P6.126 


Jo determine the x Gand y components of the resultant Arce exerted 
by the waler on the piping between section (1) and@) we use the 
XK and y Components of the [near Momentem equation (Fy 522). 
For the conto] volume Containing the water m the pipe beiween 
section(s) and (2), &g.22 leads fo 


uu i z (1) 
Ry = RA MPA ERO - Une 

and 
R, = eu k pea (2) 


The reSultant force Components n Egs. I Cmd 2 are Cxerkd by The 
pipe on the waler. The resultan} face of waler on pipe & Snel in 
magni tude but opposite im divechon. 
lo determine P, we use the Energy Cguatlr , Eg. §.82. Thus, 

P $ P (less , = 60 "TE 25] PIA (we need ty use absolufe pressures ) 


Also w 
(29.2 . 20) lige ft 
"^. TO T(2ft) Gos ) i 
4 uv min 
and 


V, z V z 15.92 e 
With Egl we obm : 
| tt) (144 in. \ (16-42 +t )/).4u Slugs d MN 
= —(#IPSia) re )( A ) (16.42 # ) 4 Slug x, 
"E ERE E 


X 
| 


Y {PR hun 
A 60 £ ) 
min 
R, =- 32 200/6 


and the x direcho rn Component of the force exerted by the 


water on the pipe between Sections ()) and (2) is -+ $2,200l6. 
(con't) 
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(con't) 


With &g.2 we obtain 
(ntmet )4-/15.22. ft ) (1.44 Slags [oso fi ft at 2 98 It 
RAIN mae) (15.92 A ) ( T. P) ct 

and the y- divection component of the 

fore exerted by fhe wally on the pipe befwtt Sechons 

(4) and (2) is — $190 Ib. 
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5.127 Water flows steadily down the inclined 
pipe as indicated in Fig. P5.12/. Determine the 
following: (a) The difference in pressure p, — p;. 
(b) The loss per unit mass between sections (1) 
and (2). (c) The net axial force exerted by the 
pipe wall on the flowing water between sections 


(1) and (2). 





Mercury 


(a) Ihe difference in pressure, P- P,, may be Obfained trom the 
manometer (see Section 2-6) with the fluid statics equation 


-x [inane rante +P (b 54 .) 


n7 P H^ 0 


Hs) Hg (Pi) 


or 
p a - 50 13.6 )(62.¢le \(05 £4) = 2776 
R- P, 624 le) Em Sin3o +} (0.5 #)| + (3.6 (62 A) ) ‘a 
dnd 
R-ps 232 Je —4 ss = 1.65 psi 








112 (1H tn In. y 
(b) The loss per unit A between Sechoens (1) 4nd (2) may be obtasied 


with £4. 5-79. Thus 
1 z 

B-B + “-K +9(2-2,)= 37l li 
"b 


1055 = 5 Jag 
or 
loss = 203 ft. le Hats A Gi CS /6 noe 


(C) The net axial “ial tote exerted by the pipe wall on the Howing T 
water may be oblamed by Using the axial Component of the lmeav 
momentum Eguchi ( Eg. 5.22). Thus tov The Chl volume. Shown above 


e v G- a): "E (f)sm3es T (p- g)rusn se] 


x 


Or -£ bin. OA (62. 4 [6 i Sin 30° 
Ko z /4 ua £e) * xy 
and | 
AES 772.216 =- 772 lb opposite 4o flow direction. 


x 
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5.12% Water flows steadily in a pipe and exits as a free jet 
through an end cap that contains a filter as shown in Fig. P5.1cB. 
The flow is in a horizontal plane. The axial component, R,, of 
the anchoring force needed to keep the end cap stationary 1S 
60 Ib. Determine the head loss for the flow through the end cap. 





ss 
Area = 0.12 ft? 
V= 10 ftls 


BFIGURE P5.12¢ 


The y-component of the momentum equation, 
Jv P V. n nd A E Fy, for the control volume 
"shown is 


V Q (-V,)A, +(-V, sin 30°) 0 Vs Aa a “Ry 
where. V, g ft/s and 

V= hi V [2E U0 H) =12 ffs 
Thvs, Since OA, V, =A, Vz, Eq, (1) gives 
fh; P ky -pgWVA - eV, sin30 A, = Ry- p, ALY +V s/n30' 


TEL. SRE) (0,12 82) (10 [10 E +12 $ sin3o°] - 22.8 1b 
ence, 


f, 7 28 1b/A, = 22.81b/ (0.1244) = 190 Ib/H* 








From - T equation for this flow 
f rM - k -h,= 5 : 


oe 
E -Vi. 190 b/8* , (IOFISY- (2/5) — 
h,= ; : ys | ewe t7 26822185 a M 


ip 
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5.129 When fluid flows through an abrupt expansion as indi- 
cated in Fig. P5.1 , the loss in available energy across the ex- 
pansion, loss,,, is often expressed as 


AY Vi 
loss, — 7 3 — 


where A; = cross-sectional area upstream of expansion, A, = Section (1) 
cross-sectional area downstream of expansion, and V, — veloc- | 
ity of flow upstream of expansion. Derive this relationship. alternate 


age K Section (2) 
Ocanón o 
section 1) FIGURE P5.129 





Applying the energy equation C&g.$.82) to the flow fom sechol! ) 
to sechon(2) we obtain 


2 2 
loss, = P-R + Y-Y, (1) 
X -—— ———— 


7" 2 . 
Applying the Gxial divechon component of the s/unear momenty, 
Couahon (E3. $225 to Mme fluid contained m the contel volume 
from sechon G) to Sechton (2) we obtam 


R, + PA-PRA = “UPAY + Leal, m 
Now if we consider Sechon (1) as octurving at the end 
of the smaller diametr pipe ( the beginning of the larger 
diameter pipe ) 4s indicated in the sketch above, Eg.1 shl 
yields the €X»a nf) da [oss and Eg . 2 C5ecmes 

R, * £A, - R ^, * - V(eAV, + hay, (3) 
Note that wilh section (I) positioned at he end of the smaller 
Aiameler pipe, P ads over arta A, ., Also, because of the 
jet flaw tran the Smaller diameter pipe tn the larer 
diameter pipe, The Value of A, wi// be small Chaugh Compared | 
fo the other terms th Eg.3 that we can drop K,. hom 6.8 





FT d te ge^ ab ( 4) 
TA 2 / A, 
Combs mng Egs- / and " we dbtain 
2 4 2 | 
Joss = 4 — A 4 % J 
X ^A z 
(con't ) 


(con't) 


from Conservation of mass (€8.5./3) wc have 


(6) 
AE e 
Combining Y 5 and 6 we gef 2 


p 7/4 
E 


"n = (2) — (a) f y YHK] 
2 
ffi gj) 
1 2 


And L 


| [ - A, 
j —À 
/os / Ü 


1) 


"n 
Ml.« 
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5.130 
Contr | ai V 


5.120 Two water jets collide and form one homogeneous jet 
as shown in Fig. P5.130. (a) Determine the speed, V, and di- 
rection, 8, of the combined jet. (b) Determine the loss for a 
fluid particle flowing from (1) to (3), from (2) to (3). Gravity is 
negligible. 





V1 24 m/s 


W FIGURE P5.1230 


For the water Flowing through the control volume sketthed above, the 
A- and y-diechon Components at the lineay Momentum equation are 


-\ ov, A, + V,ts 8eV,A, = O (1) 
and 

-VEV A, + Vasina pV; À= O (2) 
From the conservation of mass principle we get 

- ev, Ny pV, A, + pV, ka= O (4) 


Combining Eqs. | and 2 We obtain 2 
2 2G (im) 
ton @ = Vr A. - v T - (Cx S) | 


LE T e = Oi, 
q 








? 


9o 
= Í o 
B= tan 0.3096 = "L2 


Now, combining Eqs. l And 3 we get 
-V eA, + V, os e C rọ VAa) = Ô 


or * 
y a Eiee Ma oa 
| Cose (V^ V, A,) tos © (v,dy +V,d2 ) 
Thus (6 ^3 (c i 2 
LH EIE LL Ln 
( cos uz 8 ^ Y(o tm) T (6 ICI | 
and 
V= 4,29 m 
3 + S 


( con't. ) 
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| 5.130 | (con't ) 


To determine the loss of dvailable energy associated with the 
flow thidugh this corhol volume we Obtain by plying the. 
energy equahón ( Eq. 5.64) 


okt awe We AE Ex EUM. 
(ú+ Xc)m -= (wt E m u, t 2 jm, = © (4) 
Also, the conservation of mass equation , t4.3, tan also be 


Wrrten as 

-M-m tM, = © (5) 
Combining Eas. Fa s e» né | Sd" 

m, (44-6,) * m, (9.70, = fa (Mista \+ M. E (6) 
The left hand side of Eq.G Yepresents the mile of available 
energy loss in this Fluid flow, Thus vate of available MAy loss ts 


rote of loss = eV, A, D ds P (a) 
n 2 


mie a e | ctv p Av 


L 


OY 


Thus 


k z 
999 *3. (s, NM 2 2 2 
rale of loss = m SG er kg, m ) (0.lom 4 Dje $) 9 3] 
4 Z 
? M M = s 
4. (Oz m) (6 > Xe €) - (423. j 
and zZ 


rak of loss = 558 N. m 


m 
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5.13/ Water flows vertically upward in a cir- geenin (2) 
cular cross section pipe. At section (1), the ve- eripit 
locity profile over the cross section area is uni- 
form. At section (2), the velocity profile is 


V? 
V= w, (5 r) k 





R 
where V = local velocity vector, w, = centerline 
velocity in the axial direction, R = pipe inside 
radius, and, r = radius from pipe axis. Develop 
an expression for the loss in available energy be- =e 
tween sections (1) and (2). AR lint 
Flow 


For determmmng loss we use the energy Ejnat o tp non- 
Uni Dorm flows , Eg. S.87. Thus 





P-P, ey - Xu 
E s I> t OOO age 

Frm comservafim of mass (čz. 5.13) we have 

y =v 

/ 2 
Also with Cg. 5:06 Fay The hrnehe ENCUGS coethclend & we 
have 

X =7/.0 


SINC e the velocity prohle at sechan (7) 45 umore. At sechank) 
we solve E3. E 8e (see. soluton fy Pwblem 5125) ary gblan 
Oo, - /.06 


L 
hus £g. / yields 
eons “El 
Joss = F- — 0-06 V, + 9(2,-2 
fo E CUM. 2) 
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5.122 The velocity profile in a turbulent pipe 
flow may be approximated with the expression 


a@.{R=r\" 
uo R 


where u = local velocity in the axial direction, 
u. = centerline velocity in the axial direction, 
R = pipe inner radius from pipe axis, r = 


local radius from pipe axis, and n = constant. 
Determine the kinetic energy coefficient, a, for: 
(a) n = 5; eo. ME 
n=9;(f)n= 


For the — energy coethiclent, ~ we may cont Eg. t 86. Tus, 
yw Lkenrerdr 2[UE) E) zufi gt) (i 
fu TR? a a k? 
2 


For the average veloci ty , u, we may use Eg.5.7. Thus , 


K 
- 27 ade 4 4 7 
T E "cf pups pem) — (* 
PTR 
Jo facilitate the inkgrations we make the subshtutio 
kr 


yg org (9) 


Thus 
4-7 d/2- ) 2 
and €].2 becomes 


= 2n* 
ee [^4 Yfed f ` (miyn) P 


Ep" £45. f) 2,4 eui 5S we obtain 


= i 8" (1-8) Ag i zn? ee (6 ) 
: (3 *^)(3*2n) 25! 


(5) 





3 











' EA H) 
(4) or n= 5, Eq. é yields 5 
«cz i 2(5) Gti X») *1] m xdi 
(3+5)[3+26)] 2/5)? Ll 
(b) Fay n2 6 : 
& = 1.08 
(c) For n=7 
X= 1.06 
= Nofe : Lok at figs. 6.17 apd €. 1 
(d) Fr n=? | | | 
or = 1.05 Tor im portant mtormaton about 
TEL T these different velocity 
or = 1.04 a =/.03 profiles. 
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5.123 A small fan moves air at a mass flowrate 
of 0.004 lbm/s. Upstream of the- fan, the pipe 
diameter is 2.5 in., the flow is laminar, the ve- 
locity distribution is parabolic, and the kinetic 
energy coefficient, a;, is equal to 2.0. Down- 
stream of the fan, the pipe diameter is 1 in., the 
flow is turbulent, the velocity profile is quite flat, 
and the kinetic energy coefficient, a;, is equal to 
1.08. If the rise in static pressure across the fan 
is 0.015 psi and the fan shaft draws 0.00024 hp, 
compare the value of loss calculated: (a) assuming 
uniform velocity distributions; (b) considering ac- 
tual velocity distributions. 


(a) For uniform velocity Aistributions upstream and olüwnsfrtam of the 








fan, Eg. 5.52. is Applicable . 7hus, a mw 
2 z 
J055 = Tin = Fant T UV, ai T 202, Zout ) p W hatt- (1) 
2 net jn 
We obtain the shaft work, w iut trom the given shalt paner, W. "T wit 
W. f- net In tt Mb mek és 
erate = ML _ Co 00024 hp ) (850 33 f^. 
. — = B ia Kia a E. A a TE 
er m 0.004 ie lm 
For V, and Y p we use E3. G.ni. Thus, 
M AES. - (2.00% lam 44 È a) = 153 ft 
th oe ae ee sa e "YU EW 2 f 
PA fein (2-38 x 10 lag 24 ) (32.2 lm 7 (2.5 sa.) 
4 F FP Slug 4 
"t - m -. (0.004 Am ) (4y 2) ; 
P Put ZA D. š ei cena eas (a = 9.57 2 
a = - 
y (232x 10 dg (62 2 i - m EF (i in. y 
Now fnm Eq./ we obtain fH 
ae (— 2. als psi (114 a 4 (1-93 ft) — (9.57 F) ee (9.57 fy ee lb 
Xio "j u 32.2 Shu 
a y 4" 
or 
joss = 3:43 ft. lb +33 Ft. lb 
ln, / br». 
(b) æ non- un‘for, velocity distri butjyons upstream and downsheam of the fan 
£g.5.87 1s appl cable . Thus o fe 4» 
= 3 2 
Joss = Lo fat t Yn a - Vout “out + "e + Ost aff 
"4 ^e? in 
T ọ fÈ. /b » )/ ^53 Y (7.09 )(9-57 fry a. 
loss = ~- e8. a + | 73 rr etie 2 $ sug ff m 
Slug 
o 
May sw 266 ZES Lm 


| =a 7/ 
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5.34 Air enters a radial blower with zero angular momen- 
tum. It leaves with an absolute tangential velocity, Vs, of 200 
fUs. The rotor blade speed at rotor exit is 170 ft/s. If the stag- 
nation pressure rise across the rotor is 0.4 psi, calculate the loss 
of available energy across the rotor and the rotor efficiency. 


To determine the [oss of available energy across hhe volir 
we use the energy equation CE9.582) Ww ebfain 


2 a 0, neglect 
ar E sd D^ A? 
/oss = Lin = Pout + la — Vouk H IOn fins) t Wipatt 
/ < ACK jn 
or 
loss = larn~ Tmt + Yshaft (t) 
net in 
jhe shaf + work in ) “shake Co^ be obfained with the mament- of - | 
momentum work es uation (C €g.$:$*). Thus, 
shaft = Uu "ra (2) 
net in 
Combining Egs. laud 2 leads to 
= i — fe mb 
jee Be Rat e De, v 
/? 
Or 
loss -= - eum A) p fo # £22: Ets 
(2:70 x10 stug ec 38x y WE m Slug, fT 
Ly? Va np. ft 
and 
loss = 7600 ft. 6 = 9800 £u i t = 305 tt 16 
si Slag (32474 Ibm filaj) == Tom 
As was done in Example 524 we caleulak volw efheiency frum 
shaft - Des V. — 
rotor efticioncy s AM gs De ee 
Wshatt ~~ 


tn E D ) n 
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5./35 Water enters a pump impeller radially. 
It leaves the impeller with a tangential component 
of absolute velocity of 10 m/s. The impeller exit 
diameter 1s 60 mm and the impeller speed is 1800 
rpm. If the stagnation pressure rise across the 
impeller is 45 kPa, determine the loss of available 
energy across the impeller and the hydraulic ef- 
ficiency of the pump. 


The analysis of Example 5.27 is applicable % solving thi 


problem. Using £g. 6 Of Example 527 we obfain 
Actual Hots? pressure rise across Im pe hey 











/b s = v - — l : 
However 
4 tee 
ids La 
UL = Lu = rs (1300 m.) IT. 
2) (1000 mv 
EJ (I) 
7hu $ 
/ . (546 m "y - faxo 4 
E DU PS mè Z3 kJ 
loss = A46 M^" 
—— 49 
From Eq. g of Example 5. 27 we obtn 
acfual Tolal pressure nse across impeller 
9 = 4 
er lise. A 
Z A 
5) = 0, 776 


na ( 5.66 ren = 7j 
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5.196 Water enters an axial-flow turbine rotor with an ab- 
solute velocity tangential component, Vg, of 15 ft/s. The cor- 
responding blade velocity, U, is SO ft/s. The water leaves the 
rotor blade row with no angular momentum. If the stagnation 
pressure drop across the turbine is 12 psi, determine the hy- 
draulic efficiency of the turbine. 


Jo determine the efficiency of the turbine we use 
7 —- _actual work out 


(1) 


actual work out + loss 
/he actual werk out, Wsha , IS obtained With the 


ne? ouf 


moment - OY - momentum work eg uah ( Eg. 5:34) . Thus, 
"uk 7 07 Ug - Dy (2) 
net out net In es ia 


Jo determine the loss of availabe energy. across the 


ro tov use the en uation (E1. 5.92) ean 
Ó Wwe e en ir. : om », aik in 





Joss = Tia- iak p Vin ~ Vo + Iez f tet Y bani (3) 
f? 2 ACF dm 
Combining Egs. Zand 3 we obtain 
1055 = (ot i fa, out ea Uu V Jt: (^) 
fF ^ 
Combining Egr. 1, > amd # we obtain 
t AR 
7 = Uc A " U; Mae is (5? £ Y'is or) sis £f) 
U; Kr lass eC o out (12 psi ) (144 a) 
P fW glupr) 
and LL? 





Y 
M 
IR 
eq 
N 
N 
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5.137 An inward flow radia) turbine (see Fig. P5}37) involves a 
nozzle angle, a,, of 60° and an inlet rotor tip speed, U,, of 30 
ft/s. The ratio of rotor inlet to outlet diameters is 2.0. The radial 
component of velocity remains constant at 2() ft/s through the 
rotor, and the flow leaving the rotor at section (2) is without an- 
gular momentum. If the flowing fluid is water and the stagna- 
tion pressure drop across the rotor is 16 psi, determine the loss 
of available energy across the rotor and the hydraulic efficiency 
involved. 





mw FIGURE P5S.I37 
An analysis like the one of Example 528 would be appropviak 
for solving this problem. Since a furbine 15 wmvelved im this 
problem , tn E? = = u^ 97. and from Eg. of Example 5. 24 


net Jh nel out 
WE Gin conclude that 


fase æ X tagnation pressure dop across wor | Ly tp 
/* pf Out 


However trom £9. 3.5 4 we see that 


path 5 W hatt al: UV d Noha? 
het i» net out 
and thus 
oss i pem te -Y (n 


To deltvmune the value of Vn, we examine rhe velocity triangle 
foy the flow Entering the v dei is skekhtd Alw. 


ham the w locity triangle we obfain 





B bn fda tine OF Et 
V, =o) rper E 


(COn't ) 
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con't ) 


From €3./ we obtain 


[oss = Sue in, 2 (mpana) ($0? ft n" Wak Ib Ej 
TET 
loss = /4 8 ft lé 


sha 4 


Fron, £4. 5.42, We Can conc lude that 


Woga + loss = Stagnation pressure drop across The. Vofoy 
he? ouf f? 


or (n other words, the stagnahon pressure drop across fhe rofor 
results im shaft work and loss of available Chergy. 


Thus a meang ful efficiency /f 


W shaft 
‘4 = net duf 





/" 


eter TOC FR) 
C252: w nl HE) 


194 slags 
S E 


0.875 
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5.138 An inward flow radial turbine (see Fig. P5.137) involves a 
nozzle angle, o, of 60? andan inlet rotor tip speed of 30 ft/s. The 
ratio of rotor inlet to outlet diameters is 2.0. The cadia) component 
of velocity remains constant at 20 ft/s through the rotor, and the 
flow leaving the rotor at section (2) is without angular momentum. 
If the flowing fluid is air and the static pressure drop across the ro- 
tor is 0.01 psi, determine the loss of available energy across the ro- 
tor and the rotor aerodynamic efficiency. 





BFTIGURE P5.137 


lo dełermne the loss of available energy across The rofe we use 
the energy eguahom ( &|%.§.82). Thus, 


: Pep y? y^ E neglect 
Oss = 7 a x 
" + —— 3E a ISR) t nat} (1) 
Ex het in 
lhe shaft work, W haft 1 I5 obfaihed wilh Jhe moment- of -momentun. 
ne7 n 


Work 4vation CE. g.s). Thus, 


har = * Ed €" Mv f 


(2) 





nef th het onf 
and Combining £95. l amd z yields 
- 2 i 
joss = C G 1. YK ery (3) 
/? > 2 Qi 
To dé ter imine v, and A ; We Cons hack the veloci ty trangle 


Stetched belnv. 





5.138 | (con't ) 


With the velocity triangle we conclude that 
t 
V, = (o ft ) z 40 f+ 
= 


COS £o"? 
and 


Vo, = VY sin 60°: (40H) simco° = 34.6y f} 
Since the Fow leaving the retry is radial Then 
- - 20 ft 
5." en £0 5 


Fram €4.3 we obtam 


ox = ot Ng) «PE ts 
Gavi So) Sas m) 





M : - (& y 9 ae F) 
Siu 
Joss = 6G Fle = (166 fb J. ^ 
rj A (pret ie) "El s 
7 A m 


The efficiency may be obtamed with, 





actual work out U Va 
actual woke ont + loss Uv, + loss 
) / 
f Jb 
_ (30 fO ut 64 — LY 4 slug, 2 2) - AZ 
ft $ Fi. lb 
(30 4) (34.64 IF 5) funem Slag 
g> 
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5.140 Force from a Jet of Air Deflected by a Flat Plate 


Objective: A jet of a fluid striking a flat plate as shown in Fig. P5.126 exerts a force on 
the plate. It is the equal and opposite force of the plate on the fluid that causes the fluid mo- 
mentum change that accompanies such a flow. The purpose of this experiment is to compare 
the theoretical force on the plate with the experimentally measured force. 


Equipment: Air source with an adjustable flowrate and a flow meter; nozzle to produce 
a uniform air jet; balance beam with an attached flat plate; weights; barometer; thermometer. 


Experimental Procedure: Adjust the counter weight so that the beam is level when 
there is no mass, m, on the beam and no flow through the nozzle. Measure the diameter, d, 
of the nozzle outlet. Record the barometer reading, Haw in inches of mercury and the air 
temperature, 7, so that the air density can be calculated by use of the perfect gas law. Place 
a known mass, m, on the flat plate and adjust the fan speed control to produce the necessary 
flowrate, Q, to make the balance beam level again. The flowrate is related to the flow meter 
manometer reading, h, by the equation Q = 0.358 kh”, where Q is in f/s and h is in inches 
of water. Repeat the measurements for various masses on the plate. 


Calculations: For each flowrate, Q, calculate the weight, W = mg, needed to balance the 
beam and use the continuity equation, Q = VA, to deterinine the velocity, V, at the nozzle 
exit. Use the momentum equation for this problem, W = pV7A, to determine the theoretical 
relationship between velocity and weight. 


Graph: Plot the experimentally measured force on the plate, W, as ordinates and air speed, 
V, as abscissas. 


Results: On the same graph, plot the theoretical force as a function of air speed. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Weight 








WA Balance beam —— /Pivot : 
ee fo r Sethe lia | I : f j 
TUTO E 

; FUN Counter 
weight 


8 FIGURE P5.1*0 


(aon't ) 
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Solution for Problem 5.140: Force from a Jet of Air Deflected by a Flat Plate 


d, in. Ham in. Hg T,degF Q= 0.358 h^0.5, with Q in cfs and h in inches of water 
1.174 29.25 70 
Experimental 
m, kg h, in. Q,ft^3/s — V, ft/s m, slug 
0.010 0.54 0.263 35.0 0.00069 
0.020 1.08 0.372 49.5 0.00137 
0.030 1.52 0.441 58.7 0.00206 
0.040 2.18 0.529 70.3 0.00274 
0.050 2.72 0.590 78.5 0.00343 
0.060 3.25 0.645 85.8 0.00411 
0.070 3.81 0.699 92.9 0.00480 
0.080 4.32 0.744 98.9 0.00548 
0.090 4.92 0.794 105.6 0.00617 
0.100 5.46 0.837 111.2 0.00685 
0.150 8.13 1.021 135.7 0.01028 
0.200 10.85 1.179 156.8 0.01370 
0.250 13.72 1.326 176.3 0.01713 
Experimental: 

V = Q/A where 

A = nd?/4 = x*(1.174/12 ft)^2/4 - 7.52E-3 ft^2 

W = mg 

Theoretical: 


(con't) 


W = pV°A where 


O = Datm/RT with 
Patm = YHg Hatm = 847 Ib/ft^3*(29.25/12 ft) = 2065 Ip/ft^2 


R = 1716 ft lb/slug deg R 
T = 70 + 460 = 530 deg R 


Thus, p = 0.00227 slug/ft*3 


(con't ) 
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W, Ib 
0.022 
0.044 
0.066 
0.088 
0.110 
0.132 
0.154 
idc 
0.199 
0.221 
0.331 
0.441 
0.552 


Theoretical 


W, Ib 
0.021 
0.042 
0.059 
0.084 
0.105 
0.126 
0.147 
0.167 
0.190 
0.211 
0.315 
0.420 
0.531 


LLELLL 
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Problem 5.140 4 
Weight, W, vs Velocity, V 


0.6 - : 
° - 
Oa = nr 
0.4 4 y | 
E 
2 ? € Experimental | 
pure 
PLA oe 
4 

0.0 
0 50 100 150 200 FT 
| 


V, ft/s 
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5.141 Pressure Distribution on a Flat Plate Due to the 
Deflection of an Air Jet 


Objective: In order to deflect a jet of air as shown in Fig. P5.127, the flat plate must push 
against the air with a sufficient force to change the momentum of the air. This causes an in- 
crease in pressure on the plate. The purpose of this experiment is to measure the pressure 
distribution on the plate and to compare the resultant pressure force to that needed, accord- 
ing to the momentum equation, to deflect the air. 


Equipment: Air supply with a flow meter; nozzle to produce a uniform jet of air; circular 


flat plate with static pressure taps at various radial locations; manometer; barometer; 
thermometer. 


Experimental Procedure: Measure the diameters of the plate, D, and the nozzle exit, 
d, and the radial locations, r, of the various static pressure taps on the plate. Carefully cen- 
ter the plate over the nozzle exit and adjust the air flowrate, Q, to the desired constant value. 
Record the static pressure tap manometer readings, h, at various radial locations, r, from the 
center of the plate. Record the barometer reading, Ham in inches of mercury and the air tem- 
perature, 7, so that the air density can be calculated by use of the perfect gas law. 


Calculations: Use the manometer readings, ^, to determine the pressure on the plate as 
a function of location, r. That is, calculate p = Ym A, where Ym is the specific weight of the 
manometer fluid. 


Graph: Plot pressure, p, as ordinates and radial location, r, as abscissas. 


Results: Use the experimentally determined pressure distribution to determine the net 
pressure force, F, that the air jet puts on the plate. That is, numerically or graphically inte- 
grate the pressure data to obtain a value for F = Í p dA = | p (27rdr), where the limits of 
the integration are over the entire plate, from r = Oto r = D/2. Compare this force obtained 
from the pressure measurements to that obtained from the momentum equation for this flow, 
F = pV’A, where V and A are the velocity and area of the jet, respectively. 


Data: To proceed, print this page for reference when you work the problem and click dere 
to bring up an EXCEL page with the data for this problem. 


E FIGURE P5.1/H 
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Solution for Problem 5.141: Pressure Distribution on a Flat Plate due to the Deflection of an Air Jet 


D, in. d, in. Ha, in. Hg. T, degF  Q.ft^3/s 
8.0 1.174 29.25 TT 1.41 
r, in. h, in. p. Ib/ft^2 
0.00 6.62 34.42 0.2391 
0.39 5.92 30.78 0.2138 
0.79 3.04 15.81 0.1098 
1.24 0.55 2.86 0.0199 
1.59 0.19 0.99 0.0069 
2.04 0.13 0.68 0.0047 
2.41 0.09 0.47 0.0033 
2.85 0.05 0.26 0.0018 
3.23 0.03 0.16 0.0011 
3.67 0.00 0.00 0.0000 
P = Yn20%h 


P = Pam/RT where 
Patm = YHg Hatm = 847 Ib/ft^3*(29.25/12 ft) = 2065 Ib/ft^2 
R = 1716 ft Ib/slug deg R 
T = 77 + 460 = 537 deg R 


Thus, p = 0.00224 slug/ft^3 


Using the trapezoidal rule for integration 


p, Ib/in.^2 p*r, Ib/Iin. 


0.0000 
0.0834 
0.0867 
0.0246 
0.0109 
0.0096 
0.0078 
0.0051 
0.0035 
0.0000 


Fexo 7 21*0.5* 22, ss (pri *prisj)"(ri« - r)] 2 21*0.5*0.189 7 0.594 Ib 


Theory: 
F = oV^A where 
A = nd*/4 2 x*(1.174/12 ft)^2/4 - 0.00752 ft^2 
V = Q/A = (1.41 ft*3/s)/(0.00752 ft*2) = 188 ft/s 
Thus, 


Fin = 0.00224 slug/ft*3*(188 ft/s)*2*(0.00752 ft*2) = 0.595 Ib 


(con't) 


C- 14? 


OAONONA WD = - 


Prt plies 
0.0834 
0.1701 
0.1114 
0.0355 
0.0205 
0.0174 
0.0130 
0.0086 
0.0035 


S 7 Fi 
0.39 
0.40 
0.45 
0.35 
0.45 
0.37 
0.44 
Q.38 
0.44 


(con't) 


Problem 5.1*-1 
Pressure, p, vs Radial Location, r 


—€*— Experimental 


Problem 5.1%! 
Pressure Times Distance, p’r, 
vs 
Radial Location, r 


| —e— Experimental | 
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5.142. Force from a Jet of Water Deflected by a Vane 


Objective: A jet of a fluid striking a vane as shown in Fig. P5.128 exerts a force on the 
vane. It is the equal and opposite force of the vane on the fluid that causes the fluid mo- 
mentum change that accompanies such a flow. The purpose of this experiment is to compare 
the theoretical force on the vane with the experimentally measured force. 


Equipment: Water source; nozzle to produce a uniform jet of water; vanes to deflect the 
water jet; weigh tank to collect a known amount of water in a measured time period; stop 
watch; force balance system. 


Experimental Procedure: Measure the outlet diameter, d, of the nozzle. Fasten the 
9 — 90 degree vane to its support and adjust the balance spring to give a zero reading when 
there is no weight, W, on the platform and no flow through the nozzle. Place a known mass, 
m, on the platform and adjust the control valve on the pump to provide the necessary flowrate 
from the nozzle to return the platform to a zero reading. Determine the flowrate by collect- 
ing a known weight of water, Wy, in the weigh tank during a measured amount of time, 
t. Repeat the measurements for various masses, m. Repeat the experiment using a 0 — 180 
degree vane. 


Calculations: For each data set, determine the weight, W = mg, on the platform and the 
volume flowrate, 0 = Wy a.,/(yt), through the nozzle. Determine the exit velocity from the 
nozzle, V, by using Q = VA. Use the momentum equation to determine the theoretical weight 
that can be supported by the water jet as a function of V and 8. 


Graph: For each vane, plot the experimentally determined weight, W, as ordinates and 
the water velocity, V, as abscissas. 


Results: On the same graph plot the theoretical weight as a function of velocity for each 
vane. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


& FIGURE P5.152. 
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Solution for Problem 5.1/2: Force from a Jet of Water Deflected by a Vane 


d, in. 
0.40 
Experimental Theoretical 
m, kg . Wiuyater, ID Ls m, slug W, Ib Q, ft^3/s V, ft/s W, Ib 
Data for 8 = 90 deg: 
0.02 eu | 29.8 0.0014 0.044 0.0041 47 0.038 
0.07 8.66 18.2 0.0048 0.154 0.0076 8.7 0.129 
0.17 8.87 10.1 0.0116 0375 0.0141 16.1 0.440 
0.12 8.92 12.6 0.0082 0.265 0.0113 13.0 0.286 
0.22 9.66 10.6 0.0151 0.485 0.0146 16.7 0.474 
Data for 9 = 180 deg: 
0.05 6.81 24.5 0.0034 0.110 0.0045 5.1 0.088 
0.10 9.02 20.8 0.0069 0.221 0.0069 8.0 0.215 
0.20 8.84 13.2 0.0137 0.441 0.0107 12.3 0.512 
0.25 7.88 10.9 0.0171 0.552 0.0116 13.3 0.597 
0.30 8.86 114 0.0206 0.662 0.0128 14.7 0.727 
0.38 7.97 9.5 0.0240 0.772 0.0134 15.4 0.803 
0.40 6.37 7.6 0.0274 0.883 0.0134 15.4 0.802 
W 7 mg 
Q = Wwater/(y*t) 
V = Q/A where 
A = nd?/4 7 1*(0.40/12 ft)^2/4 2 0.000873 ft^2 
Theoretical: 
W 7 pV'A for 6 = 90 deg 
and 


W 7 20 V/A for 6 = 180 deg 


( Con '€ ) 


t-/50 


Pact? 5 —- E 


Problem 5.142 = 
Weight, W, vs Velocity, V 
1.0 


0.9 
0.8 


[i 
ou wd A W Experimental, 180 deg 
0.6 Bes oe. — Theoretical, 90 deg 
0.5 wa a ^ | --- Theoretical, 180 deg i 
0.4 "s 
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5.143 Force of a Flowing Fluid on a Pipe Elbow 


Objective: When a fluid flows through an elbow in a pipe system as shown in Fig. P5.129, 
the fluid's momentum is changed as the fluid changes direction. Thus, the elbow must put a 
force on the fluid. Similarly, there must be an external force on the elbow to keep it in place. 
The purpose of this experiment is to compare the theoretical vertical component of force 
needed to hold an elbow in place with the experimentally measured force. 


Equipment: Variable speed fan; Pitot static tube; air speed indicator; air duct and 90- 
degree elbow; scale; barometer; thermometer. 


Experimental Procedure: Measure the diameter, d, of the air duct and adjust the scale 
to read zero when the elbow rests on it and there is no flow through it. Note that the duct is 
connected to the fan outlet by a pivot mechanism that is essentially friction free. Record the 
barometer reading, Haw in inches of mercury and the air temperature, T, so that the air den- 
sity can be calculated by use of the perfect gas law. Adjust the variable speed fan to give the 
desired flowrate. Record the velocity, V, in the pipe as given by the Pitot static tube which 
is connected to an air speed indicator that reads directly in feet per minute. Record the force, 
F, indicated on the scale at this air speed. Repeat the measurements for various air speeds. 


Obtain data for two types of elbows: (1) a long radius elbow and (2) a mitered elbow (see 
Figs. 8.30 and 8.31). 


Calculations: For a given air speed, V, use the momentum equation to calculate the the- 
oretical vertical force, F = pV?A, needed to hold the elbow stationary. 


Graph: Plot the experimentally measured force, F, as ordinates and the air speed, V, as 
abscissas. 


Results:  On.the same graph, plot the theoretical force as a function of air speed. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 







Air speed 
indicator 


Centrifugal fan 
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Solution for Problem 5.173: Force of a Flowing Fluid on a Pipe Elbow 


d, in. Haim In. Hg T, deg F 
8.0 29.07 73 
Experiment 
V, fmin F, Ib V, ft/s 
Long Radius Elbow Data 
0 0 0.0 
1200 0.38 20.0 
1420 0.51 23.7 
1800 0.79 30.0 
2160 1.05 36.0 
2440 1.38 40.7 
2700 1.65 45.0 
2900 1.91 48.3 
3100 2.19 51.7 
3520 2.83 58.7 
3750 3.12 62.5 
3950 3.38 65.8 
Mitered Elbow Data 

1400 0.30 23.3 
1780 0.55 29.7 
2000 0.74 33.3 
2300 41.12 38. 3 
2630 1.44 43.8 
2900 1.72 48.3 
3150 2.06 52.5 
3360 2.38 56.0 
3550 2.62 59.2 
3620 2.74 60.3 


O = Patm/RT where 


Theory 
V, fUs 


9.0 
10.0 
15.0 
20.0 
25.0 
30.0 
35.0 
40.0 
45.0 
90.0 
99.0 
60.0 
65.0 


0.02 
0.08 
0.18 
0.31 
0.49 
0.70 
0.96 
1.25 
1.58 
1.95 
2.36 
2.81 
3,30 


Paim = Yng atm = 847 Ib/ft^3*(29.07/12ft) 2 2052 Ib/ft^2 


R = 1716 ft Ib/slug deg R 
T = 73 + 460 = 533 deg R 


Thus, p = 0.00224 slug/ft*3 


A = nd^2/4 - 1*(8/12)^2/4 2 0.349 ft^2 


(Con^€ ) 
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Cont) 
































Problem 5.143 


Force, F, vs Velocity, V 
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—— Theoretical 


© 


Å 


Experimental: Long 
radius elbow 


Experimental: Mitered 


elbow 


Gap 
C2 6.2 The velocity in a certain two-dimen- 


sional flow field is given by the equation 
V = 2xti — 2yrj 

where the velocity is in ft/s when x, y, and ¢ are 
in feet and seconds, respectively. Determine 
expressions for the local and convective compo- 
nents of acceleration in the x and y directions. 
What is the magnitude and direction of the ve- 
locity and the acceleration at the point x = y = 
2 ft at the time t = 0? 


o €xpressimA Lay velocity , u = 2x and Vv = - 292. 


Since 
_ gu au ou 
= Gt“ BK didi- 
then 
&, (local ) = x = 2x 
Aand 


i, (conv) = u ae ew = (2x¢)(2t) + (- 291)(o) 


= “xt? 
Similar ly, 
Qu QV , 4-2V 
A, = Jtt" Ik” js 
and 


ly (local) = 2T -2g 


e ( Conv.) * u JU o. ee = (2xt)(o) + (— 252)(-21) 


2x 2 6 
= "ul 
At xX2=422ft and to 
wu: 2(2)(0)-0o v= -2(z)(o)=0 
So That V 3o 
Ghd Gs Dee aee* = BOLD) e(2)(o) = 4^ f£A* 


ce > 
_ x —A2(2 (2) le) 
Ay = EH + Ku? 4 / t 7 


A= ae cadi pf. to 1 7h EE [m )& eor? $4 8^* 
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n 


- 4 ft/s? 
Thus, 


EXE 


6.3 The velocity in a certain flow field is given by the equa- 
tion 


V — +x?zj + yzk 


Determine the expressions for the three rectangular components 
of acceleration. 


From expression for velocity P o= x2 , W= y2 
Since 
ay * S$ r u 2E tse pur $I 
P as O + ( x Ji) + (x2) C0 ) + (y2)(0) 
= x 
Similarly, —— 


- OV. yd ov Qv 
T 297 ax tY ay f M 


y= or ( * )Gxe)r- OBJ) + W)C) 


- 2x + xz 


Also, 
- Ou owe dur dur 
A = DURER EL Rose, - 
SO That 2 
l, = OF ( x J)lo) + (x)() « (sa)(4) 
2 
= K+ YÉ 


(a4) 


(5) 


6.4 The three components of velocity in a 
flow field are given by 


u=xre+y? t+ 2 
v=xy + yz + 2 
w= —3xz — 27/2 + 4 
(a) Determine the volumetric dilatation rate, and 


interpret the results. (b) Determine an expression 


for the rotation vector. Is this an irrotational flow 
field? 


Volumetric dilatation vate = Ou 


Uy 
gu, ar, ou (£9 69) 


5 è 
Thas, tor velocity ¢omponents given 


volumetric. dilatation rate = 24 + (xr2) + (- 3x -Z) =e 


me 


This resulé indicates that There is no Charge in the 


Volume ef a fluid elemeat a5 it moves from one 
loCation to anether. 


From £95, 6.12, 6,13 and 614 wits The velocity com poaents 
PIVEN : 


E: (Se ge) =H (y-2y) = - 2 
HE, S 3 te ae [o- (yz) | - ~ (2 +2) 
wo, - i (95. 89). 1| za- (38)]* LE 


S/nce CO ts not Aero everywhere The flow field 
Is not irrotational, No. 





6.5 Determine the vorticity field for the following velocity vector: 


V=(x2- yi - 2xyj 


VxV «(3E - 390 «(29 - 0); «(IE L1) 


where 
2 7 
u-x-y jv =-2xy and uw =O 


Thus, 


yx = n * 0j Ts Ca» 735 (x? ~y*) | k 


= [-2y -(-2y)]k =0k 
Hence, 
VxV=0 


6.6 Determine an expression for the vorticity of the flow 
field described by 
V= — xyiit yj 


Is the flow irrotational? 


© 209 ( Es. 6r) 
From expression for velocity | “== xy, ps y” ard u- = 0, 
and with 
s XL f GE. gr 
Co. P 2. (> 2) ( £3, 6./3) 
WA ÒU dum 
ly > à (55 - = | (Ee 6.14) 
a + pel. au (E4. b.) 
= giga) j 
r£ follows That 
] re and s + [o- 6349) | £^ 
eX. 0 479 j 2A 2 


PROS, f M E i) 
Fa 2lieyer dys * C), 4. 


= 2 |t + (o) ) Lx) | 
= 3x5 


Since F 1s not ero everywhere the +low 
/s pot Irrotational, No. 
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6.7 A one-dimensional flow is described by 
the velocity field 


u = ay + by’ 
y= w= 0 
where a and b are constants. Is the flow irrota- 


tional? For what combination of constants (if any) 


will the rate of angular deformation as given by 
Eq. 6.18 be zero? 


For tyrone minal Pla ag EO 


and fer tne velocity 
dis tribution given ; 


/ ow rN, 
Co, * 25 ^" Ja dJ ° 
( gu _ du 
wy = 4 Ox FA © 
ov IK) & 
C04 > A OX 47/7 7 [t tby) 


Thus, £o s not Jero everywhere aud The Flow 
(S not irrotational. No. 


SJmbe: onus E. 6.18 ) 


_ OW. Qu 
ra ax” 2g 


it fo/lows for The velocity distr’ bation Jiven Tha t 
Y= a+-zby 


Thus, There are no values of a and b ( except boh 


€ uel to Jero) Mat will give yeo for all ya lues 
of Y Nene. 


6.8 For a certain incompressible, two-dimensional flow field the 
velocity component in the y direction is given by the equation 


v = 3xy + x’y 
Determine the velocity component in the x direction so that the vol- 
umetric dilatation rate is zero 


For zero volumetric rate in a two-dimensional fiow, 
Ju au = C/) 


dx * ag 7 


Sjnce 
Ri e 2h ax” 
Ó t 


Then from EQ, C) 
C2) 


Y 
ETTE TT 


2 


Eguatiøn (2) Can 


f du = - fskas e f à ft) 


be tegrated with respect to x to obtain 


or 
2 x3 


8 
u = 75x +5 + fy) 





where Ffig) ts an undetermined function of y. 


6.9 An incompressible viscous fluid is placed 
between two large parallel plates as shown in Fig. 
P6.4. The bottom plate is fixed and the upper 
plate moves with a constant velocity, U. For these 
conditions the velocity distribution between the 
plates is linear, and can be expressed as 


y 
-D2 
b 
Determine: (a) the volumetric dilatation rate, (b) 
the rotation vector, (c) the vorticity, and (d) the 
rate of angular deformation. 


(a) Volumetric dilatation rate 


(L) For velocity distribu hon 


zb CO, h 
Gnd 
f Ó 
wW: a [ /ar- 
Thus = M D 
26 





(el. ) ye + oe 
Thus 
SEE, 
[7p 





Moving 
plate 
Fixed 
piate 
= Qu + QV, dur = 0O 
~ OX 9 ORB ~ 
Given 5 
gu ) = 
dy Z6 
A 
ES 
E 
( Eg, 46.1) 
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6.10 — A viscous fluid is contained in the space between con- 
centric cylinders. The inner wall is fixed, and the outer wall ro- 
tates with an angular velocity «w. (See Fig. P6J0a and Video 
V6.3.) Assume that the velocity distribution in the gap is linear 
as illustrated in Fig. P6&0b. For the small rectangular element 
shown in Fig. P605, determine the rate of change of the right 
angle y due to the fluid motion. Express your answer in terms 
Of ro rp and w. 


m@m FIGURE P6.0 


From ES. 6./8 


¢. av, ot 
|[* Bet 5 


For The linear distri bution 





i 

o L 

Se That 

Qu. % 
25 e - 

Guk sinte vV-o 
j=- ne 
lh 








The negative sign Indicates That The 
Vigh E Angle 15 INCFCRSING . 
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hr x » 
js 
5 


E 


Origina / 


ae 
aN 





(b) 





AZ 


6.12 Verify that the stream function in cylindrical coordinates sat- 
isfies the continuity equation. 


Zn cylindrical coordinels the continuity eqvatimn fer steady, two- 
dimensional, incompressible flow is 





pi are) | J 
nel P Ue n 
Ü 
Consider M. 9 T s and Mp = - so that trom £e. ()) 
1 d(tW9) ,4 3 (.0U 
Cr f isi» ir) -z [25 - ay | =0 


Thus, any function V salisifies the continvity eqva tion. 


6-/0 


6. 13 


6.13 Fora certain incompressible flow field it 
is suggested that the velocity components are given 
by the equations 


u = 2xy u = —x!y w=0 


Is this a physically possible flow field? Explain. 


Ang PAJ sicallq possible incompressible thw hela 
must satis fy Consevation Of mass @5 expressed by 
the velationsh, p 
Ok dv. Qu-. 
Dm t E * i3 ce er) 


For the Velocity chstribution given 


(9 Y 


QU -2 DU” oa gt wW 
EF 4 — = x ma om © 


DY 2 
Substituhon pate E 2. (1) Shows That 
Zy-x° +o #O 


Thus, This is not &@ physically possible Lhu treld Mo. 


o1] 





6.1% The velocity components of an incompressible, two- 
dimensional velocity field are given by the equations 


u = y? — x(1 x 
v = y(2x + 1) 


Show that the flow is irrotational and satisfies conservation of 
mass. 


LL the two ~ dimensional £ low ks Irrotationah | 
sit fel 
od. 5 2 Ox Jb 
For the velocity distribution Given , 


au Ou 
=s Fg eae, a 
ox 4 ig 


Thus, 
asd (enc ne 
Qna the flow i3 poiniei 


To satis fy Conserva tion of MASS, 


2U QV 
d^ T er 


Since, 


QU . -|- 2U - 2x4| 
ox ce 8b 


then 


—~)—- 2X +2x +] =O 


ana | T 
Conservation of mass is Satisfied . 


G./5 


6.158  Foreach of the following stream functions, with units 
of m?/s, determine the magnitude and the angle the velocity 
vector makes with the x-axis at x = 1 m, y = 2 m. Locate any 
stagnation points in the flow field. 


(a) V — X 
( V - -2x! * y 


From the definition of The stream funchon, 
ET -| òy (, 
ce et y= Lt Egs. 6.77) 


(a) for — p- -x-9 


At X= lan | Y= Lon it follows that u= IF and 2-274 


[hus 
vi fater = V (lm)*+CZm)* = 2.24 4 





Since uso ak x20 gna v 70 at 7/70, a stagnation 
Point Occurs At X= 4H =O, 


(L) For WH —2x*'4 Y 1 
pee s ew 


~ OA 
At x=lm WC MEE iE follows That y21% and v=4 2 


213 4 crus js 
J 


Since UFO, There are no stagnation pets. 
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6.16 The stream function for an incompres- 
sible, two-dimensional flow field is 


w = ay — by? 
where a and 5 are constants. Is this an irrotational 
flow? Explain. 


For the flow to te irrota Üonal , 


_ | (ev _ du 
Gs 2 9-5.) (Eg . b12) 
and for the stream fanc thoy given , 


u = oY = a- 3hy* 


2b 
rz - of ZUR 
Thus, 
ee - bby HE = a 
So That 
w,2 4) 0- (~ bby) / - 85 


Since Co, tO fow is no irrota trone/ 
(en Pars b zo) R No . 


b-/4 


6.17 The stream function for an incompressible, two- 
dimensional ow field is 


w = ay? — bx 


where a and b are constants. Is this an irrotational flow? Explain. 


For The Flow to e Irrota tiona/ (see Eg. 1.12), 


1 (ar anys 
C), * i ax = 2 e 


Qnd dor þe stream fanc toy given, 


u z: oY = Cay 
"E, 
> = % 

UT UM 
Thus, 

Qu . Pa Che 27-5 

OY OX 
so That 


arife eo Je = 


SINCE CU, zO Flow is nod drredaldume/ 


( unless a =o) No. 
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6.18 The velocity components for an incom- 
pressible, plane flow are 
us = Ar-' + Br cos 0 


Uo = Br-? sin 0 
where A and B are constants. Determine the cor- 
responding stream function. 


From the detinition of the stream function , 


ph Gu -_ doy 
VL y $6 U:-5. (Eg, b,¥2) 


So that for the Velocity distribution GIVEH , 


7 P - Ar +B “cose Ug 
As = = BY sine (2) 
Ln te gre te Eg, (1) with respect to 8 to obtain 
fay = fea + BF'coso)do + £ (Hl 
or Edi. s 
( - A0 * BF NË + É CF) "a 
Similarly /ntegra te Eg l2) wth respect +o r to bay, 
[dg - - [BF sina dr + L (6) 
or af. 
Y= BFE SNO t L (8) 77 


Thus, Jo satisty both £45. (2) quA (4) 
U Aes. BPF sma +C 


where C 4s an arbitrary constant. 


6.19 


| 6.19 Fora certain two-dimensional flow field 
u = 0 
v= V 
(a) What are the corresponding radial and tan- 
gential velocity components? (b) Determine the 
corresponding stream function expressed in 
Cartesian coordinates and in cylindrical polar co- 
ordinates. 


ca) At an arbitrary pont P 
( see figure ) 
| 
| 


Wee V sin B 





V. V eso ITE 07.4 





(5) Since 


. dy > Of | 
XK = P5 =O D- ax a 
(t= fellows That W ts not a tunchion of y and 
it eV PE 








where C s an Grbitary Constant 


Also, wi tn X2 tos © 


I/- —V Feaso +C 








Check this resvlf : 
ng =A = -WVe0s8) = V cos 6 
"edis | | | 
Wy =r jg 7 p Yrsn6) - V sine , which checks with 


part (a), 


| 


(np T gres nean 


6.20 


6.20 Make use of the control volume shown 
in Fig. P6.20 to derive the continuity equation in 
cylindrical coordinates (Eq. 6.33 in text). 






Volume element 
has thickness dz 


FIGURE P6.2.0 


2 [ di^ «Jena dA =o ( Eq. 6.19) 
Cr Cs 
For The differential control volume shown 


2 
[m ~ OF te de ds (1) 
na 28 


and 
[era JA = net rate otf mass cuthlow Through 
CS Surfaces ef Control volume 


(prs fA ET deaa 


From figure aft right ` 


Net rate of mass 
outflow In F- direcbiosn = 





m n 
— [2% - 06 tt - docs 2 


= 
EAM - dr dada + AY, drdadz (2) 


(cont) 
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(Con ) 


From Figure at right: 


Net rate 
Outflow ta 


of mass 
@- er ectiox = 


(AV; r pA de ) drdz 


[P Lu de 
(?% - L )drdz 


| 
No 


eu 
20 





dry ddz 


From figure at right : 


Not vate of mass 
— > ih 2 - divection 


| (0% 


— 
— 


Z 
Loi rdrdodz 


Subst tohon of Egs. (1) Thru (4) indo 


( ov; 4 ici de ) diy dz 


P% 





(Pat Pa GF) raed 


x 





9) py; 
of Fdrdod2 + 2 F dr dö dz eA drd@ dz 


" “Le drd&g2 + E 
r å 20 , Of" o. UR.) , 
xot UL CL tjs 
Since Ui V. 42 
wu ER OP ae ee 
E4 (5) can be written as 
L 2 (rey)+t 2 [0v3 
Ce + y mUCUÓ B. YI 


Which is Eg. 6.33, 
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(4) 
£3, 6/9 yields 
rdrkdodz =O 
dP YE - : 
ae € 65) 

w), a 

Oz 
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6.2! A two-dimensional, incompressible tlow is given by 
u = —y and v — x. Show that the streamline passing through 
the point x = 10 and y = Ois acircle centered at the origin. 


For two-dimensional flow along A stream line 


du. v 
dx wu | 
So that for the Velocity Components aver 
dy . X 
dx —98 
ana 
— fi d y z f* dx 
Thus, 
-5° = L +é (where C isa constant) 
AL. 
and 


Fy szig" n 


E qua tro n ( /) be presents The eguaton Lop The 
Fann Ja o £ Stream Jines ; Ffor a 9! Ven Value 
of C ! tne el ation. gives a Circle centered 


at The Origin or Th. C! The 54 uare of the 
[adı as. 


For X=/0 Gna y=o 
2 J 
HF Ap anG 7 lao 


Gna the €fuation o£ The streamline passing 
throughs This Point 15 


x ^4 95^ /ð o 


lUhich lS a Circle of radius 10 centered adt The ov gin, 


6.22 Inacertainsteady, two-dimensional flow 
field the fluid density varies linearly with respect 
to the coordinate x; that is, p = Ax where A is 
a constant. If the x component of velocity u is 
given by the equation u = y, determine an 
expression for v. 


For a variable density Flour A 


ae%) gler) 
Jg T X ( £4. 6.29) 


wy 
f pz (Ax ls) z Axy 
( DL follows That 
0 Gu) 
x 
Thus, àv 4 
E -—8 
2 
Integrate Eg.) wit respect to y fo obteris 


Jager) =~ fay dg + Lue 


< Åy 








E pres E hs 
With SES 
/ 2, 
LAs = Fe (42 ) T stint 
or 





Where fix) is 4A arbitrary Jeinedion of X, 


5-2. 





6.23  Inatwo-dimensional, incompressible flow 
field, the x component of velocity is given by the 
equation v = 2x. (a) Determine the correspond- 
ing equation for the y component of velocity if 
= 0 along the x axis. (b) For this flow field 
what is the magnitude of the average velocity of 
the fluid crossing the surface OA of Fig. P6.23? 
Assume that the velocities are in ft/s when x and 
y are in feet. 





FIGURE P6.23 


( Consider & 


(2) To satisty the mes lg uation unit thickness = Ift) 
eu. r = E 
un au. 2 
‘É follows That 
Se =-2 CIJ 


Integration of Eg 0s) ws respect to Y g re des 
va m= 25 # fix) 
If v=o along x-axıs C4y=0) Then J (4) 20 so Thad 
mole 
(5) 7%, satisfy Conservation ef mass 
Ga Ct py : op (see figure ) 
Along AB w=ali)z 2 x So Thad 
Yap = balan = (2 44) F4)0 A) = 2 = 


Along OLB w =o So That Cis rs = 





T hus, i ef 
ba E (os ` uM n 
gand y= Gon - 07 3 a dyp A 
Av aren V2 ft? s 
e 
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6.2% X The radial velocity component in an incompressible, 
two-dimensional flow field (v, = 0) is 


u, = 2r + 3r? sin 8 


Determine the corresponding tangential velocity component, 
ve, required to satisfy conservation of mass. 





ðo | ðA [Eg b35) 
J8 ' 3g 7? Í 


Since Va =ø 





l ar cee 
and with 


n o - Ar?  3Fj si e 
it follows That 


2670)- 4p ¢ GF sin 6 
Or 
Thus, E$.U) becomes 


er - — [4r * 4r'sin Ø) tiy 


Eguation(2) Can be integrated with respect to © to obtus 
fay E - f Gv 4F* sine)d8B 1 1r) 


Va = —~4po —-GtK*0s0 T ftr) 


or 








Whe re Ler) Ls QA uncle termined font ten of I". 
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6.25 The stream function for an incompres- ym 
sible flow field is given by the equation 
Ww = 3x?y — y? 1.8 B 


where the stream function has the units of m?/s 
with x and y in meters. (a) Sketch the stream- 
line(s) passing through the origin. (b) Determine 
the rate of flow across the straight path A B shown 
in Fig. P6.25. A 


10 xm 


FIGURE P6.25 


(a) Lines of constant ¥ ore streamlines. 
For P= IK?y-9? the streamline 
pas sing Through The origin (420, yz0) 
fas a Value Weo Thus, ie 
e f UR ton for the Streamlines Through 
the origin 1s 

0 - 34*4 - 9? 
or 





y= V3 x 


A. sketch of these Streamlines is showh in The frgure. 


( 5) Q-WV -W 
At B %2=0, Y=Im so That 
p 3 3 (0) t) — (1) * — | m/s ( per unit width ) 
At A X2lm, Y=o so That 
W * 3U)' (o) - l0)? =o 
hee Q = Y, = — / mIs (per unit width) 


The nega tive 5/471 indicates That the flow is from 
right to lett as we sok trom A t B. 


6-24 


6.26 The streamlines in a certain incompres- 
sible, two-dimensional flow field are all concentric 
circles so that v, = 0. Determine the stream func- 
tion for (a) v = Ar and for (b) v, » Ar '!, where 
A is a constant. 


From The detiai hon ef the Stream function. 


_+4 29 - 29 5 
WES r JO Us 3 ( £y. &. v) 


So that with Vi =O f follows That IY a 
and There bre 


We= flr) 

(^J For Va Ar 
2U = —Ar lt) 
ar 


Integrate Gy.) with respect h k ^o breif 


fays - far d» 


or Y = - AF z £ (B) 
However, Since P is not a function of e, /Ź A dlus That 
— — Art 
Pia PE EE 


where C ts an arbitrary constnt. 
Ch) Similarly , ow US > Ar 


fav =- ~- [Arde 


ae W--Aknr + C 
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[n 


*6.27 


The stream function for an incompres- 
sible, two-dimensional flow field is 


w = 3xy +y 
For this flow field plot several streamlines. 


Speen for a. streamline 4s found by setting Y= constant 
e eguation tor The stream function. Thus, for THe 


Gl ven Stream función 
P= 34*, +y 
it follows That the Cy uation of OW sheambue ^S 


iN 


V 


| 4 3x? 


Where various constant valyes Can be assigned +o Wp 
+o obtain @ 


for WV= /, Z, 3, 4 Gnd e plot showing the streamlines 


ave given belo w. 

y 71 
x y 
5.0 00132 
-4.5 0.0162 
-40 0.0204 
-3.5 0.0265 
30 0.0357 
-2.5 0.0506 
-2.0 0.0769 
-15 0.1290 
1.0 0.2500 
-0.5 0.5714 
0.0 1.0000 
0.5 0.5714 
1.0 — 02500 
1.5 0.1290 
20 0.0769 
2.5 00506 
3.0 0.0357 
3.5 0.0265 
4.0 0.0204 
45 0.0162 
5.0 — 00132 


yw =2 
y 
0.0263 
0.0324 
0.0408 
0.0530 
0.0714 
0.1013 
0.1538 
0.2581 
0.5000 
1.1429 
2.0000 
1.1429 
0.5000 
0.2581 
0.1538 
0.1013 
0.0714 
0.0530 
0.0408 
0.0324 
0.0263 


(con't) 


mily of streamiines. 


y 73 
y 
0.0395 
0.0486 
0.0612 
0.0795 
0.1071 
0.1519 
0.2308 
0.3871 
0.7500 
1.7143 
3.0000 
1.7143 
0.7500 
0.3871 
0.2308 
0.1519 
0.1071 
0.0795 
0.0612 
0.0486 
0.0395 
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Tabu lated 


w=4 
y 
0.0526 
0.0648 
0.0816 
0.1060 
0.1429 
0.2025 
0.3077 
0.5161 
1.0000 
2.2857 
4.0000 
2.2857 
1.0000 
0.5161 
0.3077 
0.2025 
0.1429 
0.1060 
0.0816 
0.0648 
0.0526 


results 


-5.0 


(Cont? 
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6.28 Consider the incompressible, two-dimensional flow of anon- 
viscous fluid between the boundaries shown in Fig. P6.28. The ve 
locity potential for this flow field is 


$-x-y 
&g FIGURE P6.28 
(a) VA 24 -~ ə% = 
Ü Bx ZX 


fo determine ~ integrate wity respect w y t obtem 


fdg- aa as 


or 


Wz 2x44 fx) 6h 
Similarly 24$ . 2346 . 
J q: i = Ep, =— ZY 
So That 
VETE TET 
Or ps ZXY + T. t) C2) 


lo satisfy both £85. (4) end 42) 
Y= 2X4 + C 
Where C is an arbitrary Constant. Since '=0 along 4=0 


C "o &nd 
Y= ext C3) 


(5) The discharge » $5 pessing Threugh ang surface Connecting 
The Two walls , Such as APB (see figere), 75 


y Fo- Pa 


From EJ Gi faro and Wu ley. It Allows 


Vat 
ri = ix: I: 
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(1) 


6.31 Given the streamfunction for a flow as yy — 4x? — 4y?, show 
that the Bernoulli equation can be applied between any two points 


in the flow field. 


For the Bernoulli equation to be applied between any two points 


in the flow field (as opposed to only points along 4 streamline), the flow 
must be irrotational. That 1s, 0xV 70, which for two-dimensional 


flow can be written as 


gx ay 0 


For the given flow 
U eE gy and m=- =- x 


Thus, 
ON gu . 9 —d » 
M jy "ix C 6 ;yC4y) 7 -8*8 70 


Mente, Eg. I) is satisfied, the flow is irrotational, and the Bernovllr 
equation can b? applied between any two poms. 


eae | 


6.32 A two-dimensional flow field for a non- 1 
viscous, incompressible fluid is described by the 
velocity components 


v=0 
where Uis a constant. If the pressure at the origin 
(Fig. P6.32) is pọ, determine an expression for the san 
pressure at (a) point A, and (b) point B. Explain b - 
clearly how you obtained your answer. Assume ra 


the units are consistent and body forces may be FIGURE P6.32 
neglected. 


Check to see /f tlow ‘s dp yodadmeua. Since. 
1. fdv Qu - 
Ww, = (£ = ) [ E7 6.12) 


* B(O,1)! 


and fer The given velocity distribu tion , PEL and 2 72 
it follows That tu, FO. Since Flow is not sprotatona/ 


Cannot apply the ernoulle Leuation be tween any two points 

in the How H#reld. 

Ca) Since Vio, The Origin and point A ave on the 
Same Streamline. Thus, 


fo, Vo = Fa y Vy? m 
X 24 X Za 
At the Drign V= U, 4nd az A Y4 = U, So that 
From Eth) 


b=? 


# O 


(5) Pant B 15 not on same streamline as orgih so Canmt 
apply Bernoulli egu ation between B ando. Teo And A 


o 5€ the Component of Eulers ey uations. 


_ OP Li | DD 2v àv- 
F fy 25 ek oe * Se * dr di a. (Eg. 6.516) 
Since | VO and ee s 
oP 
5 


So That 


m 


"ij 
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6,33  Inacertain two-dimensional flow field the velocity is 
constant with components « = —4 ft/s and vu = —2 ft/s. 
Determine the corresponding stream function and velocity po- 
tential for this flow field. Sketch the equipotential line ó — 0 
which passes through the origin of the coordinate system. 


"rem The definition of The stream tunction 


_ à = _ of (les. 6.37) 
Ku = S y ^ Í 
so That ter the velocity components given 
OW __ (1) 
2y T 
2 . Cz 
K i: 


Integrate Eg.) with respect fo 4 to obtain 
fay = [-4 4 + Fy) 

W=-44 +A (x) (3) 
Similarly , integrate E4.LZ) with respect do x Je obtin 


fay = [zax « 4 


W= 2x+ 4&0) (4) 
Thas, to satisty bom E35.(3) and (9) 
Oa ZE =u € 
where C is an arbitrary constant | 
From The detinten of The velocity potential 


Or 


or 


= 2$ - 2 
ED. ve sf (Eqs. 6.64) 
So That for The velocity dømponents GIVE n 
oP = — Cal 
OX 
29 . 
5 Z T 


Integrate Eg.5) with respect te x de obtain 
fad =- f- 4dr + f5) 


g= -4x + 4) OT) 
Integrate E. (L) 473 respect c J ty obtain 


fat = f-z dy + fy (4) 


g= -2y + Á A (8) 
Thus, to satisfy, Ler Egs. (7) ana l8) 


Or 


or 


p= ~4x-24 eo ee 
nein e iR 
Where C is an arbitrary eonshont. 


Since The e qupofentu/ line , Duo, Passes rough The 
Origin (may =o) Then C= O Un £9, (7) Se That The 
CG uation of Tne P= 0 egui potentral line US 

2y=- 4x 


a aa 


or 


A sketch ot 77 4s line L5 Shown LH The figure. 
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6.34 


6.34 The stream function for a given two-dimensional flow 
field is 


p = 5x?y — (5/3) 
Determine the corresponding velocity potential. 


Ls 91 199. 5.54 (1) 
às ^x 


Lantegrate w: Jh respect tu x fo ob 2, 5 


Jag = f (5x59) dx 


Or d - £x- Tar £ (4) C2) 
Sım, larly, 
_- d$ _ ahd _ _ ca 
Pe at "A T /0x 5 
Gnd 
n = = [roxy 45 
or B= -5x4 + F(x) T: 


lo Satisty boh Egs, (2) ana l4) 
d-(S$)x*—5x4 C 
c r 


Lobere C ls Qu arbitrary Con stant. 
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6.35 Determine the stream function corre- 
sponding to the velocity potential 


ox = aa" 


Sketch the streamline w — 0, which passes through 
the origin. 


Integrate with respect fo Y to ob Tec 


{ay = (343-397) dy 


e i 
e y= 3y- E) hw I 
Smilarh, , ——" qe 
iX — 95 


and integrahn 4 with respect b x yields 
fd y = hens dX 


y= 3x*y ¢ LY) Es 
le satisfy be7h 495 (/) and (2) 
Y = x *Y = g7 £C 

C is Gn arbi trary Constant . Since the streaaml;ve Y =o 
passes Through The origin (X=0,Y4=0) i% follows That C=O Gud 

2 3 

= JX "e 6 2 

The equation ef The slreamline 
Passing through The origin 1s found by 
setting Ws0 im £13) fe 
yield 


or 


Where 


4 x Os Ó 
which is satsfed for 420 


TU g= +//3 x 


A sketch of The b=0 steam/mnes 
Gre Showa /H The Figure. 
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6.36 A certain flow field is described by the stream func- 
tion 

wW=A6+ Brsinég 
where A and B are positive constants. Determine the corre- 


sponding velocity potential and locate any stagnation points in 
this flow field. 


| OF lg 
Y%* F556 7° Se? = + S tos @ ri 
Lite grate jo T^ respect fo r obla 


[ad = [C4 + 6 288) ar 


or 

JP=Alnr t Bres + £le) Pn 
Sim, larly , 

LIUM LLL C3) 

Ue - 28s "E = 5 sın B 3 
and 

lg =- [8 rsio do 
J d= Breese t+ # lr) D 


To satisfy both Egs. (2) Qna (4) 


inr + Breese TC 
L.oheve C /s Gn ar bı trary Canstant. 


Stagnation points occur where V =0 ana 75-0 . 
Fiom ET ( 3) U5-0 at O=O0O ana O =T. From 


ev dn with O=o 
V E TD 
so That V, =o for = + ^ However, since A anaB 
are. beth positive constants This yesult indicates a 
Negative value r ÀF tih 18 not defined. 
At ©=7 x A 
VW =e B Cos = focB 


50 That Vp =o fer rs 4 . Thus A 


stagnatrou pome OCcurs at 


A. 
Q-I77 ana FF” B 
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6.37 Itis known that the velocity distribution 
for two-dimensional flow of a viscous fluid be- 
tween wide parallel plates (Fig. P6.37) is para- 
bolic; that is 


«~u [1- G)] 





, | FIGU ; 
with v = 0. Determine, if possible, the corre- ROS! INDEM 
sponding stream function and velocity potential. 

lo determine The stream tunchon let 

- Ov . [ _ pe \* 
a 25 z U / CE) J 
and integrate with respect do y to obta 
fay = fu [ p see 
or a 6 I - 
Y -= I ; 2 t £ ix) 
A =< - 9r ZO 1s Mot a function of X So That 


“j 


J 
uz Ug m zy] c 
where C Is an arbitrary Constant. 
Te determine the velocity potential let 
U= 27 = a. |. — G )*] 


and integrate Lo1 Th respect Zo «x to obtain 


f^ * f elus 





T" d = B E ^" Ys |» Á c3) 
However, _ af E "e Oxy à e F,65) 
| 28 h? 2 


and this velatienship cannot be satished for al! values of 


x and y. Thuas, There is not a velocity potential that 


describes This tlow (the #low s Ht irrotational) | 
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6.38 The velocity potential for a certain inviscid flow field 
is 

Q- ey -) 
where ó has the units of ft^/s when x and y are in feet. Deter- 
mine the pressure difference (in psi) between the points (1, 2) 


and (4, 4), where the coordinates are in feet, if the fluid is water 
and elevation changes are negligible. 


Since The Flow held 13 described by a velocity, potential tue aur 
is IkKrotational and the Bernoulli Cguation Can be abplhed between 
any fwo pointes. Thus, 


2, 
J£ GP ts fe. Me f/f) 
+ 24 4 2g 
Also 
TE a 9. 2 2 
“a pr 6 Xu p ip 084 039 


At x:-/#4 y = 2 ft 
-& 6 )(2) = —/2 f£ 
3 


=. + 
T 


-3(^* 3(£)^- q f 
e- 2. 
So tnd ye gtr GPs Ce E ATE) iuge 
Ai x16 uo V ££ 
U= EUN) = — f6 it 
7 s -3(9*)'. 3(4)*30 


Jo That Lt fem Fl, £t)" 


À 


[^us , fran E¢.t) 
/ a 
Ro Fie sln f 


St (62.4 624 Zs) (- 4L fey 225 E] 


E euet. Mec PPAG 
= 87/0 B, al srw 2 ) (= E)? 60.8 psi 
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6.39 The velocity potential for a flow is given by 
a 
$-70 -y) 


where a is a constant. Determine the corresponding stream 
function and sketch the flow pattern. 


2v 234. 
so oer a 
To clekermne Y integrate with respect fo y t obtin 


fav = faras 


or U- P i. £ (x) C1) 
Stra larly , 

-.0U 229 . . 

pa Sk Jg 7 e7 

So That 

f dys fay dx 
P (P= Axy t fal 9) CRY 
/o Satisty Lot E gs. (1) 4nd CL) 

P= axy +C 


E (C ıs 4n arbitrary Constan L. let C=0 so That 
Y = xy (3) 
a. 

for A Given a the streanling patern is obtained 

by setting p egual Jo varous Constants. for Y= Ba 

The xand Y axes are Streamlines 

and for other values of W 

The Streamlines are 

rectangular hyperbolas 

âs shown in The sketch. 
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EXE 


6.40 The stream function for a two-dimensional, nonvis- 
cous, incompressible flow field is given by the expression 


%= -Xr - y) 


where the stream function has the units of ft?/s with x and y in 
feet. (a) Is the continuity equation satisfied? (b) Is the flow field 
irrotational? If so, determine the corresponding velocity poten- 
tial. (c) Determine the pressure gradient in the horizontal x di- 
rection at the point x = 2 ft, y = 2 ft. 


(a) To sa Listy the n — 
+ yt = 
ax t à 5 
for The stream función given ; 
- 2Y- ft = aF .5 £ 
ae De E. EY € CE T5 
$o Mat 
CE =O OV - 
OX Ó 5 


ancl The Con nuits opraken i5 satushed. Yes. 


( Note: When a flow held us defined by a stream tunction 
The Continuity eguation 15S always identically satished, ) 





(4) Since er 
z (2 «$i ) ( Eg, b, 12) 
and Qu S QU E 
37 E 
it follows That C0, 7o anel The Flow field /$ irrota tional. Yes , 
Thus, zh ad d - 2d xe 
Ox à u 


Gnd integra Lon Lf elds 


p =x + 4)4 G 


t)heve C us an arb trary Constartt , 
ce) With - ur 4 x 15 "ica. f.70, and 
-H =p (ugg trig) p 
and at X-2ft, 922ft P n e (o) $2 #6) | = Oo 
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6. The velocity potential for a certain inviscid, incom- 
pressible flow field ts given by the equation 


$ = 3y - (y 


where œ has the units of m?/s when x and y are in meters. 
Determine the pressure at the point x = 2 m, y = 2 m if the 
pressure atx = 1 m, y = 1 mis 200 kPa. Elevation changes 
can be neglected and the fluid is water. 


Since the flow js irrota tional, 
2. 


42, a y ^ Pa A (4) 


7 Ba FC 2 
LITh V2 t0 Foy the velocity petenda! given, 


u= M > KY r= oe = Za ERU 
Az pen? / fef Alm and yzlm >o Pia £ 

it, = 4 G)() = “= vi A20) — 20) 50 
ancl ie (4 e)? * m e 

/ 5 
At pomt 2 X= 2m ad yrim so That 
4, = 4 (2)(2) = lo = wd) -2() =o 

T L^: Ue ) = 25% u 


m 2 (4.91 45) 








3 JV T 
3N a (9, gox 0 Sa mt ase ) 


n 
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6.442.A steady, uniform, incompressible, inviscid, two-dimen- 
sional flow makes an angle of 30° with the horizontal x axis. 
(a) Determine the velocity potential and the steam function for 
this flow. (b) Determine an expression for the pressure gradient 
in the vertical y direction. What is the physical interpretation of 
this result? 


(A) Frem ERs. 6.80 and 68! 
á z U (x Cose +4 sinh) Es. 6. $6 
Gna pr oc-8230^ 
b = D (x Cos 30 4 sim do") 
Siu lar ly 


U = U (4 COSA -x sine) (ER. 6,81) 
ana fer x= 50° 
W s U (4 0336x510 Jo’) 


n 


U(0.86L% + 0.5004) 





Ur (0.8664 - 0.500x ) 





(b) Jince 
U = DH aqna v= Rf 
GK I 


jt follows That 
iz6.JLLU ana V= 0.500 U 


From the Euler € Ua tion in the vertical y~ divection 
ep Or = QU à ov OV 
Aas Dy plte Kera + $F) (E 6,516) 

ana witan = Constant and yeg 

ed 

09 (4 

PILLS 
1601-2 jr 
Thus Vesult indicates Mat The Pressuve distri bution LS 
hy dro state This 13 hot a surprising vesult since 
Trae Bernoulli Ch uation ndi cates Tmt yf There 15 
No change ın velocity The change iH Pressure Is 


Simply due Te The weight of The flaid, CC) Q 
hydrostatié Variation. 


Om 
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6.43 
6.43 The streamlines for an incompressible, 
inviscid, two-dimensional flow field are all con- 
centric circles and the velocity varies directly with 
the distance from the common center of the 
streamlines; that 1s 


un Kr 
where K is a constant. (a) For this rotational flow 
determine, if possible, the stream function. (b) 
Can the pressure difference between the origin 
and any other point be determined from the Ber- 
noulli equation? Explain. 


(a) Wye - 9% = Kr Cf) 
dr 


oe kr 
nce / dY 
=F e 


|i follows That W is ned a fanction of O and erebre 


U - -KEC a.C 


where E Is ah arb IT rary Constant. 


(4) The How ıs rotational and therefore the Bernoulli 
C4 unter Cannot be applied between the origin ahd 
any point, since These points ave not on The 
Same streamline. No. 

(Reter fo discussion @ssociated withy, derivation 
of E3. 6.57. ) 
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6.44% The velocity potential , 
= —k(x? — y*) (k = constant) 


may be used to represent the flow against an in- 
finite plane boundary as illustrated in Fig. P6.44 | 
For flow in the vicinity of a stagnation point it is | 
frequently assumed that the pressure gradient | 
along the surface is of the form 

"^ ^ | 


dp 
= = Ax | 
ox | 


where A is a constant. Use the given velocity 
potential to show that this is true. | 


FIGURE P6.44 


For The velocity potenta) given 


i. = ad z—.24X* ud 
OX 
- ò$ - ~24 (2) 
ws i 


and The stagnatión pont occurs at fhe Origin . 
For ths steady two- duntasional How 


_ dP _ gu Ju 
+ -plur rE) (Eg. osla ) 


and along The Surface ( y=o) vo So Thad 


ð P ou 
—— = M Z 
2X f" ðX ^ i 
From Eg J) “m zs Z and There fore 
Qu... 
2x z 2% te 


and Eg. 3) becomes 
Op E 2 
ue r4 (~2hx) (-24) = 4h% 


n CP Ln 
OX 


where | Az ue. 


6.¥5 


6.45 Water is flowing between wedge shaped \ 
wallsinto a small opening as shown in Fig. P6.4S. pr x 
The velocity potential with units m?/s for this flow T Y 1 
is @ = —2 in r with r in meters. Determine the A 6 \ 


pressure differential between points A and B. 


A B 
E m | 


FIGURE P6.45 


Rs n 
fa "c e Pe + Ve (1) 
g 24 a m. 


Along The horizontal surface ; 75^ € Q nct 


J 


— — —À 


. a6 . 2 
Tp" = = 


ar e 
So that D L z 
Vr Up 
Man, l^, T Wm y Yue ame a É 
NN  —x— S B lS 3 s 








6.46 An ideal fluid flows between the inclined 
walls of a two-dimensional channel into a sink 
located at the origin (Fig. P6.46). The velocity 
potential for this flow field is 

ġ = = Inr 
where m is a constant. (a) Determine the cor- 
responding stream function. Note that the value 
of the stream function along the wall OA is zero. 
(b) Determine the equation of the streamline 
passing through the point B, located at x = 1, 
y=4. 





(a) 4; 24 27 . 34. m 
F A ë ðO 2r 27 b 


Lntegrate Eg dl) with respect to 0 æ obt 


fay « {a d Ó 





Or 
= m © ( 
w Z + AIH 
Since an Oe. 426.15 (2) 
e aor F ae 


Up bs Mot a functon of F So &@ (2) becomes 
U - 4m © LC 





Am 
Where C B a t¢onstant. Also, Uso for &- 
So That 22 00 
per mp | 
aue e / 
U: m 9 od ) i 


(b) A£ B danbs so Mat OF 133 rad. From Fg (3) 
the value of Y passing Through 7s point /s 
Y= m («89 i je O. OF50m 





20 | 
and Therefore The eg uation ef The streamline passing Through B 
is 

O. O 450 m * am (£ - Z 
or O= 1.33 rad 


(Wy fe: TŁ can be seen trom £g (3) thet the streamlines 
are a// straight lines passing Through the crigin. ) 


= 


C-45 


6.47 Itis suggested that the velocity potential 
for the flow of an incompressible, nonviscous, kc | 
two-dimensional flow along the wall shown in Fig. s 
P6.47 is 


Q — r'? cos 30 
Is this a suitable velocity potential for flow along 
the wall? Explain. 





If Ths is a suitable $ the corresponding W must have a constant 
Value along the wall (since The wall must Corvespond +o a streamline). 


sd 97.00. 4,95, tL 
T rA de Fr mgA E 


Tn tegrate Eg .0) Ly respect to © fe obbiy 
£ 
dy= [ 4 p "8 ons £6 


3 

or bi . 

ip = pF sin i4 + Eih) (2) 
Sym larl l 

s uU an 1986 , 5,5. 4 5 

e dr | F6 3 a 
and 4 

fay= [ #r sin £8 db 
or ¥ 

W= F?sinto+ £6) (3) 


lo satisty both E3s.l2) and (3) 
P= H% sin £ 9g -C 
where C is an arbitrary Constant. 
Along one section of the wall, B=0, 4nd (C. Mens 
The oher sector = T and P= C. TAUS, W has a 


Constant value along The wall and Te given velotity 
porennhal Can be used + represent thew) along The wal). Yes. 
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6.49 As illustrated in Fig. P6.44 a tornado can be approx- 
imated by a free vortex of strength I for r > R,, where R, is 
the radius of the core. Velocity measurements at points A and 
B indicate that V, = 125 ft/s and Vz = 60 ft/s. Determine the 
distance from point A to the center of the tornado. Why can the 
free vortex model not be used to approximate the tornado 
throughout the flow field (r z 0)? 





BH FIGURE P6.44 


For A free Vortex 


Vg = & ( £. &. 84 ) 
Thus, at hy , WBF les XT so that K2/25% 
and at Po ) Vp > eo zt So tat K= böh 
There fore , 
/25 A = GO i 
Gh a since 
| F -h = leo #4 
tt follows Tut 
/25 ^ = bo (loo th ) 
or 
f, 5 91.3 ft 


The tree vortex cannot be used do approximate a tornado 


Throughout The flow 4 eld S/nce at F=o The 
Velocity becomes nfin,fe. 
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6.50 Ifthe velocity field is given by Y = axi — ay]. and a is a con- 0.2) (2.2) 
stant, find the circulation around the closed curve shown in Fig. P6.50. ; 


(ed (2, 7) 





x 


B FIGURE P6.50 


The circul ation is given by 


D = 6 Vide =4 (axt -ays)d3 , where d$ is an element along the line 


e , 
= { (axi -ayj Hdx) s [lort -ayf )-(dyĉ) 


+ Sant -ay})*(-dx?) n -ayj) Cdi) 
2 ( aK de (Capi t ( (-ax)dx flayidy 
[0b -faydy (and -faydy 
“20rd -2afyd 


- 2a(2) -2a(2) =0 
Thus, 
Pen 


al 
 —— 


Note: This flow is irrotational. That rs vxV zo. For any 
irrotational flow the circulation is identically Zero, 
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6.51 The streamlines in a particular two-di- 
mensional flow field are all concentric circles, as 
shown in Fig. P6.5/, The velocity is given by the 
equation vg = wr where w is the angular velocity 
of the rotating mass of fluid. Determine the cir- 
culation around the path ABCD. — 





FIGURE P6.5! 


Ps e V- dF 


ABCO 
~ (fag d de * [€ dr PL Y dr 75 
AB Bc CO DA 


Since Hro Gnd VD = OOF £4. 0) becomes 


O2 6, 
[lz wb’ dð +t? Jm E Q 
ô, e, 


= tb? (6,-8,) + iia” [6,-6,) 


[Tz to ( 6,- 6, )( 4*- «*) = (040 Pisas) 
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6.52 The motion of a liquid in an open tank is that of a combined 
vortex consisting of a forced vortex for 0 = r < 2 ft and a free 
vortex for r > 2 ft. The velocity profile and the corresponding 
shape of the free surface are shown in Fig. P6,52. The free surface 
at the center of the tank is a depth h below the free surface at 
r= œ. Determine the value of h. Note that h = hiorcoa T Atreo 
where Mrorcey and A;,., are the corresponding depths for the forced 
vortex and the free vortex, respectively. (See Section 2.12.2 for 
further discussion regarding the forced vortex.) 





fà 


}~+—— > — 





BFIGURE P6.52 


For forced Vortex 
zz i^y o (Eg. Z,32) 


2.4. k 
and with #=0 ak ra=o rt follows That CAO. 


Abs, Ve=rQ and since Jib Pt at r=zft 





rad 


LE 
w= Lz = 5 


2 ft 
Thus, at r= zf 2 $ 
: Ww 2 (5 "«*)'(z f£) c quse 
A te. s M Macar di 
24 2 (32,22 ) 
For free vortex soe: Exam ple Et? 
/?* 

et Am F^ 

phere  [?'zzm* Vs 


— 
— 





a Thab 2 2 

ui o LAMEN parh 
so En rg pm (2h) 32.25 ) 

THUS, 


A = h + F a / Sg ft v l. S844 -5$0 ft 





forced free 
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6.5.3 When water discharges from a tank through an 
opening in its bottom, a vortex may form with a curved sur- 
face profile as shown in Fig. P6.S3 and Video V6.4. Assume 
that the velocity distribution in the vortex is the same as that 
for a free vortex. At the same time the water is being dis- 
charged from the tank at point A it is desired to discharge a 
small quantity of water through the pipe B. As the discharge — F5 ^ D> 
through A is increased, the strength of the vortex, as indi- s i 
cated by its circulation, is increased. Determine the maxi- 
mum strength that the vortex can have in order that no air 
is sucked in at B. Express your answer in terms of the cir- 
culation. Assume that the fluid level in the tank at a large 
distance from the opening at A remains constant and viscous jvc om Pl 

effects are negligible. SIS RO 


m FIGURE P6.5 





From Example 6.6, 


p 2 
Z=- 
ETF 3 





Air will be sucked iio pipe When Z=- į hr F=2 fE. 


lhus 


d 


Pen trh = or (2 f) (2.2 25) (14) 
ey 
ft 


Ir] log m 


T 
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6.54 Water flows over a flat surface at 4 ft/s as shown in v 
Fig. P6.5%. A pump draws off water through a narrow slit at a 

volume rate of 0.1 ft?/s per foot length of the slit. Assume that 

the fluid is incompressible and inviscid and can be represented Á 
by the combination of a uniform flow and a sink. Locate the [TIRE 





stagnation point on the wall (point A) and determine the equa- 
tion for the stagnation streamline. How far above the surface, m 
H, must the fluid be so that it does not get sucked into the slit? f 


(per foot of length of slit) 
m FIGURE P6.5^4 








2 E . 4 0 
y- udo T Bnd - Ursmó m. ida 
Thus ui 
ue T x B. Lo 2E 
anda .2U n 
- U 
75 7 Sa S/5 B 
Along The wall Vo =O ) and The stagnation peint OCCU rS 
Where vVARTO, So That rom Eg, (2) 
- e; m 
o= U tes(o?) wT 
and therefore 2 
KR = 
ZAL 


Fop i} = H ff ahd m= Ô, 2 € “Tet That a Source sre 
of 0.2 fÉ = £z^ ats be used i obtain O. / = Th rough slit 
Which ss only one half of a tall ue Thus, 
fF? 
kK = 2 E 


Lr Cu EE 
5S 





= 0.00796 £Z 


quel The stagnation porn iS on The wall ©., 0071916 £4 


Lo The right af Su. 





( cont) 
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| 6.54 (ean) 


The value ef P at the stagna Lon Point (^ - 0.00746 ft, 8 =0 a) 
IS d e (EZ. /) so That The. € uatop of The -Lincodos 
streamline is 


= U psu O@=- 2 p 


AT 
or A 
FSIN@ = — 
Amr 


Since Yy = rs:n& The egua tion of The stagnation streamline 
can be written as 
_ em 
J T RTU e 
Fluid abeve The stagna Low streamline | Lul// hod be sucked nt 
Slit. [he maximum clis tance, H, tor The stagnation streamline 


OCCUrS as O—- T So That 
8.2 £A 





H= m L7 CET = 0,0250 fé 
7r JT c P — 
2 (4 Zt) 


(Note OAM. The Fluid bebw the stagnaten streamline must pass 
Through The slit. T hus, trom conservation of mass 

HU = flow into slit 
or EA ers O, o25o KZ 


ft 
7 2 


(4 





Which checks with The answer above, ) 
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6.55 Two sources, one of strength m and the other with strength 
3m, are located on the x axis as shown in Fig. P6.5.5. Determine 
the location of the stagnation point in the flow produced by these 
sources. 





B FIGURE P6.55 


Since the tow from Cach Source Is in The racka! 
divection, +t +s Only aloag The x-axis That fhe +wo 
Vadia! Compaerts Can Cancel qnd Create a stagna tida 
point 


av 
^8. 





For source lI) 2v) 


ana for source C2) 
2 rr 
The Stugnarib n Punt occurs where T = w So That 








Fi 
"mm - 3 ^m 
2m dI 2T D das 
ar Kw 
I2 stag = ə 
/ Vistas 
4 seo, » 
= D Em 5 
I Shag = 2 Shas 2t A 4 
sa That y 
stag? 3 sias iind 
"| Shag = 2h 
Thus 
4 z2 — aa = Å= xf 
Xs Le, (22 "y 7 
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6.56 


6.56 The velocity potential for a spiral vortex 
flow is given by $ — (T/2z) 0 — (m/2z) In r. 
where I’ and nare constants. Show that the angle. 
a, between the velocity vector and the radial di- 
rection is constant throughout the flow field (see 
Fig. P6.56). 






FIGURE P6.56 


Fer Tne velocity potential given, 


. ad . m =- L 26. 
- OF amr "e rà 
S. i lag » p 
Ince ps e E ivl Cos of 
gnd andik A ^ 
|: "L6, * 1$ 6G 
Then D e, P 
Cos x= — F E 
lV | VL t US 





| | + (EY 
| 


vi «(Ly 


Thus, ae 71 given (C anc rm The angle ec Is 
Qa Constant. 
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6.57 


6.57 For a free vortex (see Videu V6.4) determine an ex- 
pression for the pressure gradient (a) along a streamline, and 
(b) normal to a streamline. Assume the streamline is in a hor- 


izontal plane, and express your answer in terms of the circu- 
lation. 


For a tree vortex 


Y= eu fnr (E3. 6.91) 
LT 
So That 
_L aps UM: MN 
VU ge Jp dr — zT 


Since The tree vor tex ve presents Qh Irrota tona / flow 
field | The Bernoulli uation 
Pa V. ox onset C1) 

. Arr E : 
1S Valid between any Ewo Points . 
(A) Along a streamline C F= constant) , VE 15 Constant 

and Vv =o So That from Fe. Cs) w itn 

Z Constant The Pressure 13 Constant , L.e, 

OP 2p 


o 


(4) Norma) to the streamline Dasa Vy. =0 qne Z= Constant 


Ê 4 Ve" 4 2 = Constant 
ó Lp 
So Tha t - 
2P- 5 26) pn?” 
ar Zł òr 
E My A 
"1 -4 GE Y- a] 
p]? 
ug? F3 
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6.5% (See Fluids in the News article titled “Some hurricanes 
facts,” Section 6.5.3.) Consider a category five hurricane that has a 
maximum wind speed of 160 mph at the eye wall, 10 miles from the 
center of the hurricane. If the flow in the hurricane outside of 
the hurricane’s eye is approximated as a free vortex, determine the 
wind speeds at locations 20 mi, 30 mi, and 40 mi from the center of 
the storm. 


fr tree Vo rtex 





LE (Eo. L.3L) 
TER: 
Thus, at eye wall 
\ 
/bO mph = kK } 
/0 mc Y * e / J 
so that s ~— “So eve wall 
v= (roam rro ert | TM aes EM 
And 
Ye = (uo mph Y 10 am: ) 
9^ — rn 
B 
Fer, ( : 
Im, 10 
tg Poun vs ; ai) iw) = 80.0 mph 


Fa = 30 me Vg = (po mpn) Clo mc). 52,3 mph 


3o mc 


Fa = 40 mu Vo: (i bo mph) TLES 


nc HO. O amp h 


6-57 





6.60 Potential flow against a flat plate (Fig. 
P6.60a) can be described with the stream function 


w = Axy 
where A is a constant. This type of flow is com- 


monly called a “stagnation point” flow since it 
can be used to describe the flow in the vicinity of 


JK 


(a) 


FIGURE P6.60 


Fer The bump The sta gna tion point will occur 
x30, y=A (o= Z, r=&). Ær the gwen stream tuncton, 


the stagnation point at O. By adding a source of 
strength, m, at O, stagnation point flow against 
a flat plate with a “bump” is obtained as illus- 
trated in Fig. P6.60b. Determine the relationship 
between the bump height, h, the constant, A; and 


the source strength, m. 


1 ow 
v = F Jő AF COS 2 4- 
and l 
VY~>- 2p = Ar s/n 20 
e ab 


The pone | e- f£ 


VIO 5/nce v5 





or z an 
AS are 
and There hre 
fe 
Zs Ip A 


=O 
O = Ah COST + 
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m 
pe Axy+ Boe - 4 r'sm 20 » 


/»?1 


—_ 


Amp 


Apt 
2TrÁ 


Source 


(5) 


/271 


— ——Á 


AT 


at 


6 


y -=É ; will be a stagnation porn £y 
at Ths Pont. Thus, Zrem E4.0) 


C ! ) 


ee 


6.6! 


6.6{ | The combination of a uniform flow and a source 
can be used to describe flow around a streamlined body 
called a half-body. (See Video V6.5.) Assume that a certain 
body has the shape of a half -body with a thickness of 0.5 m. 
If this body is placed in an air stream moving at 15 m/s, 
what source strength is required to simulate flow around the 





body? 
The width of half- boda = Lib l See Fig. 6,24) 
So That p- (5. 575. ) 
z I 
From E3. 46.79 
hs em. 
ra a 


Lo here fF) IS the 5ource Strength, and Theve fore 


0.3. 
fm = ATUÓ- AT (15 an) ( ——— 
m * 
d 


m S 


(2) 


6.62 A vehicle windshield is to be shaped as a portion of a half- 
body with the dimensions shown in Fig. P6. 62.(a) Make a scale 
drawing of the windshield shape. (b) For a free stream velocity 
of 55 mph, determine the velocity of the air at points A and B. 





Windshield 


Su 
S4 


Í b 


A 2:9 
MBFIGURE P6.62 






U = 55 mph 
—=- 


From Tre Ligure 


b+ reese = Z ft (1) 
V Sino = 1.544 C2) 
Gna ee Q half- body 
. LOr-89) Eg 65.100) 
p= —85 (5 


The above € qu ations Can be Combined te give 
] r | "A. 


T--6 tin O p Es 
Qna a trial 4nd trrov solution hy © Gives 
O= 0.83? rad | («gj») 





So That 
b= e SHE .. Loft 5,55] £4 
TT ~'6. TT - 0,639 rad 
Thus, 
p= O4sift (17-8) nr 


Sin & 


E fuation (3) 9 ives The Profile of The 
windshield Ang With X=rCose aud 


ya ĀF3ind The Xand Y coordinates Can be 
obtained. Tabaulated data and a plot 
of The data follows. 


É Cont) 
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| ©. 62 (Cont) Theta, rad rft x, ft y, ft 


(b) 


3.142 0.651 -0.651 0.000 
3.042 0.652 -0.649 0.065 
2.942 0.655 -0.642 0.130 
2.842 0.661 -0.631 0.195 
2.742 0.669 -0.616 0.260 
2.642 0.679 -0.596 0.326 
2.542 0.692 -0.571 0.391 
2.442 0.707 -0.541 0.456 
2.342 0.726 -0.506 0.521 
2.242 0.748 -0.465 0.586 
2.142 0.774 -0.418 0.651 
2.042 0.804 -0.364 0.716 
1.942 0.838 -0.304 0.781 
1.842 0.878 -0.235 0.846 
1.742 0.925 -0.157 0.911 
1.642 0.979 -0.069 0.977 
1.542 1.042 0.030 1.042 
1.442 1.116 0.144 1.107 
1.342 1.203 0.273 1.172 
1.242 1.307 0.423 1.237 
1.142 1.432 0.596 1.302 
1.042 1.584 0.800 1.367 
0.942 1.771 1.042 1.432 
0.839 2.015 1.346 1.499 








V^-U'(i.2z 
aint A Is a Mam pornt So That ¥, =O 


Ak the top of The windshield (Point 5) O-- 0.834 rah ank 
k= Z.0; f+ So that 
4*= EE +12 


G$.2 mph 


2 


b. 
2 Ces + £A 


O. 651 ft 
Z, 6l Z ol fh 


576l 


1.500 


(Fg. 6.101) 


2, 55! 4t 
) cos (0. 939 red) + s 24] 
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6.63 One end of a pond has a shoreline that resembles a 
half-body as shown in Fig. P6. 63. A vertical porous pipe is lo- 
cated near the end of the pond so that water can be pumped 
out. When water is pumped at the rate of 0.08 m*/s through a 
3-m-long pipe, what will be the velocity at point A? Hint: Con- 
sider the flow inside a half-body. (See Video V6.5.) 





L^ Vr uen 
ac oT yea ths 
1 PLE e. em 
os sh p Ny e Porn 
ches AA - 
ERE a Vs 
MAL Beca MN WE T 


E sauna P6.63 


for a half-bodg, 


Y=rUesnor Zeo (Eg. 6.97) 
That 
7 i VF” 2v à 51976 
e or 
â ned A 
_~ L oP CX at 


Thus at pont A Bad FE iS du 
/ / J 


Vp =o 





VA Ut am (i5) po 


3 : 
For & tow va te of 0,06 = /^ a F-m long pipe, the. 
Source sfrenglh w 2 —— am |». Since 











5 
. mm ( Eo 6.99 
b RTU 6. / 
U = hri - a 3 = 637 x10 = 
AM (Em) 
From Eg 6 able ae 
-7 py x E Um 


-9 
= 9,4 X /0 = 
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o Pix, y) 


6.644 Two free vortices of equal strength, but opposite direction 
of rotation, are superimposed with a uniform flow as shown in 
Fig. P6.6%, The stream functions for these two vorticies are 
y — —[4I27)} In r. (a) Develop an equation for the x-com- 
ponent of velocity, u, at point P(x,y) in terms of Cartesian coor- 
dinates x and y. (b) Compute the x-component of velocity at 
point A and show that it depends on the ratio [/H. 


LUTEA 


NFIGURE Pe.H 


(Q) fer vortex 1), P= - Ån v y 
init Vo= m oi as shown. fi 
zm ] 
u= V 3m8 ka 
where sinacz seinen aa 
[m ue. (4 - te xx] 
Ond 6. [(y- 9 x«] / 
so ‘that 
“= Gl em m dier 
Foe vortex (2) $= -L hr "ez. 
And 


Un = — Voa sin aL 


. H 
Where Sin M 


(qe x] 


, 7 1. o 
Y= {Cyt + e 


So that 
- AE) Y +H ) 
42^ (zich (rier x4 (cont ) 
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P(x,4) 


oN Ve, 


i 4 g 
17 f! PO.) 
= —À r i 
02 Y as shown Uu. oe 
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(Cont) 


Thus, Combining The two vortices with the uniform flow 
Gives the x- Component of Velocity 


u=u,+4u,+U 
Pt a Y +H 
= - LAIT MU 
^T 3-HY*.x* — (Went y ' T 


(b) At pont ^ Where Xxzuzo, Eg. (i) gives 


; 
i 
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6.65 A Rankine oval is formed by combining 
a source-sink pair, each having a strength of 36 
ft?/s, and separated by a distance of 12 ft along 
the x axis, with a uniform velocity of 10 ft/s (in 


the positive x direction). Determine the length 
and thickness of the oval. 


4 
4 s | s + | (£9, 6.107) 
A L [chy - NT (ms) S| (Eq. 6109) 
a2 
For m= 36 a =£4t and irs pp, 
ft 
mie, WLS Met) 2 sy 
ET 3, f£ 


Thus, lengh =2l anq From EG, 6./07 


7a 
length= 4 666) | shyt! - 


/h e TArcK ness , 2 4. 


(3,1 ft 


Can be de termined from Eg. 6.104 by 
trial and errer. Assume value for 


A Je gnd Compare 
L2, 7n right hand side 


of £3. 6.107. (See table below. ) 


E i ft. tan [2 (5,24) E 





0.250 O. 261 
O. 251 O. 262 
O.252 0.254 
©. 253 0.250 «— use 
Thas, A x 0,253 


and thickness = 24 = 2(éft)(0.253) = 3 0442 
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*6.66 Make use of Eqs. 6.107 and 6.109 to 
construct a table showing how la, hla, and t/h 
for Rankine ovals depend on the parameter z Ual 
m. Plot [/h versus 2 Ua/m and describe how this 
plot could be used to obtain the required values 
of m and a for a Rankine oval having a specific 
value of C and ^ when placed in a uniform fluid 
stream of velocity, U. 


Por a Rankine oval 


£ E 
2. fæ e. (5g, 6.107) 


A. a Y-i] tanl 2 rU«)f (Eg 6.103) 


where The length of The body s 22 and The width i5 24. 
for a given Value of wl alm, £9.6.107 Can be solved 
for Lfa ı And Eg. 6./09 Can be solved (. MSING a^ ı Éera tioy 


procedure) br Ala. The ratio AIR can then be determined 
Jabula ted date are Given below. 


and 


nUa/m tla h/a euh 
10 1.049 0.143 7.342 
5 1.095 0.263 4.169 
1 1.414 0.860 1.644 
0.5 1.732 1.306 1.326 
0.1 3.317 3.111 1.066 
0.05 4.583 4.435 1.033 
0.01 10.050 9.983 1.007 


^ plot of the data is shown on The next Page. 


(Cont ) 
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Clon 2) 


























nUa/m 


Fer a Kankine ovel with Land & specified the following steps 
Could be followed fo determine m and a: 
C1) For a given LJA determine the reguired value of TI Ua om 


from The graph . 
(2) Using This value of Wal) mn Calculate fa trom £9. 6.107. 


13) With The Value of lfa chetermned , Anel £ spec: fr edt dettrmne 
The talue ef a. a 

LE) hu) Th 7TUa/m and a de termined 5 The value of D /m 
Is known, and for a Given U The value of em is fixes. 
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6.67 An ideal fluid flows past an infinitely long 
semicircular “hump” located along a plane 
boundary as shown in Fig. P6.67 Far from the 
hump the velocity field 1s uniform, and the pres- 
sure is pa. (a) Determine expressions for the max- 
imum and minimum values of the pressure along 
the hump, and indicate where these points are 
located. Express your answer in terms of p, U, 
and po. (b) If the solid surface is the wy = 0 stream- 
line, determine the equation of the streamline 
passing through the point 0 — z/2, r = 2a. 





(4) On The sur dace of the hump, 
A P + 4V (1 sive) CEg 2b) | 
O 


The maximum pressure occurs Where sin Ozo or at O79 7 


and at These points 
R lmaz) a f+ gee (at =a ant WP) 


J 





The minimum pressure pecurs Where sin 6=/ or at o. T 
Aand at thg point 


CR a 3 E 
Elma) B-U (e=) 
(b) For uniform flw im the negate x-direction, 


p=- Ur (1— a) she 
[reder to discussion associated with The derivation of E3. 6M2). 
. ar : 
At Gz E ) F2*2« B x 
a m LL Tr 
sisi «m lago o 
"mI HT (! ei naz - 
qud Thus The € guazion of The streamline passing Through 
This point is . 
Zay s- Ur |- a` Jome 
oe 


) 
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6.68 X Water flows around a 6-ft diameter bridge pier with a 
velocity of 12 ft/s. Estimate the force (per unit length) that the 
water exerts on the pier. Assume that the flow can be approxi- 
mated as an ideal fluid flow around the front half of the cylin- 
der, but due to flow separation (see Video V6.8), the average 
pressure on the rear half is constant and approximately equal 
to !/ the pressure at point A (see Fig. P6.68). 








From Fig. 6.29 1£ fellows That the drag 
64 a Section C between G=0 ana O =d) 


of 4 Clreular cyhnder 53 Given bo The ef uation 


ad 
Drag = ye. = -Jz COSO ado 
O 
for The force on THe doi helf of The cylinder ( per 775 lengfn] 
DU 
7 -2| Z Cosa ade (1) 
T, 
44H A fe Lo Symmetry Fy = 0. From Ep. G.Ilb 
c s 
£. =- p+ zov (1— 4 sn?B ) (E 6m) 
An slhce we ere only interest eo s The force due £ 
The Flew Ing Jud we wll fet 5-0, Thus Prom Ep. (1) 
Tr 


A -2 | z^v* (1 — & si" 8) ease A dö (2) 
Y 
2 
5 7 x 
ince lesb db x smo | s =/ 
T 
TJ, h 
T. 5/A7P B / 
Ân d [ s] eosed = — EC 
T. | T4 
2- 
(Cont ) 
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6.28 


( cont) 
Tt follows trom E.) That 
es TA 
E m 
No te Shot The negative SIgn Indi cates Thet The lua Ler L5 actually, 


Pulling” en The c y linder (Pront hel) i^ Tne a pstream director. 
When The effect of tne rear holf of The cylinder is baken 


However , 
inio account (jn a real Fluid ) Pere will be a net drag in The divecton of flow. 
Zhe pressure ab The top of the Cylinder (point A) (3 G iden by E 
al * - 
p= B+ap/ (I Ysi p) (Ez. 4. g) 


Qua with O =Th 
2 
Tis -F P U 
Since P =o 
0 3 1- 
f.:-zpU 
Mate That The negative pressuve will awe a positive F, 
QA 
= Pa x Pro jected yea =- Ta x La.(l) 


= 
Sa 


42 


Se That i 3 5° 
Ba gp Gal) = gers 


SP 
= 


Thus 
* Reh +h, 
- e V*« T JU &. 
3 z. 





= 7 2 
AUS 


With the data given, 
E= TOn ZEE) GA) = T d 


rr | 
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*6.69 Consider the steady potential flow around the cir- 
cular cylinder shown in Fig. 6.26. Show on a plot the vari- 
ation of the magnitude of the dimensionless fluid velocity, 
V/U, along the positive y axis. At what distance, y/a (along 
the y axis), is the velocity within 1% of the free-strcam 
velocity? ene 





Along The -axıs Vi=0 So That the magnitude FIGURE 6.26 
of Me velocity, V, is equal o [h| Since 
2 
v eo E (1 F =) 3/4 À (Eg 6.115) 


‘t follows Tht along the positwe y-axis (B- EF 29] 
Y= hele VU RJ 


H Y. p. E. 4 n 
U , (2)* (1) 


labulated data and a plot of The data are given below. 
Iz can be seen from These results That for 


Zs 
a— /0 


The velocity V is within 





1% of The kree-stream Veloc hy 


2.000 


yla 
1.00 
2.00 
3.00 
~ 4.00 
9.00 
6.00 
7.00 
8.00 
9.00 
10.00 


Calculated 
from Eq. (1) 


VIU 
2.000 
1.250 
1.111 
1.063 
1.040 
1.028 
1.020 
1.016 
1.012 
1.010 










VIU 


1.900 
1.800 
1.700 
1.600 
1.500 
1.400 
1.300 
1.200 
1.100 
1.000 


EE 


1.00 2.00 3.00 400 $5.00 600 7.00 8.00 9.00 10 00 


yla 
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6.70 The velocity potential for a cylinder (Fig. 
. P6.70) rotating in a uniform stream of fluid is 


a? L 
o = ur (i + _ cos 0 + =O 
where T is the circulation. For what value of the 
circulation will the stagnation point be located at: 
(a) point A, (b) point B? 


— —————— 


7 n 
a : = 





At point A, eas 7o and «et 


3T 
2 and 


ch) At point B, Cag = 


P- 
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KT Ua Sin zr 





FIGURE P6.70 


( £5. 6.122) 


follows Tat [2 0. 


trom Eg , bli» 


= — 4mUa 


6.7/ 


6.71 Show that for a rotating cylinder in a uniform flow, the fol- 
lowing pressure ratio equation is true. 


Prop ~ Pootiom 8q 


-j 
P stagnation U fi 


Here U is the velocity of the uniform flow and q is the surface speed 
of the rotating cylinder. 





From Eg. 6.!23 the pressure on the surface is 


i [E 
(1) = fh, *zpU (I -4sin 0 t 2 snp Z7) 
» E $ v Vid? is jie clrevlation produced by the rotating 
Cy haer 
Thus, for the curve C = cylinder surface where Y-46 -( $^. )'(ad88) 
we ‘obtain = ag dé 


3 [- (agde - 2744. 
0:0 


From Eq CI), at the fop (9= 90°): 
foy = pal D(|-4*-£— 2]! el 

p fate TU wey 
and at the bottom (@ = 270°): 

2 n A 
factis 7 f) * z pU (1-4 rig = 354 
so that i 
i 2 a 

Prop ~ Pbottom = 2 ev (faz), where z QU - stagnation 


Mote: The stagnation point has V «0, bv] does not occur at the 
front “edge” of the EU C ylilider. 
Thus, Eoo. "Pet _ 
stagnation 
or using Eq, (>), 


f top f boltom _ zb GTag) » d 


stagnation 


L3 


————ÁÀ 
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6.72 (See Fluids in the News article titled “A sailing ship without 
sails," Section 6.6.3.) Determine the magnitude of the total force 
developed by the two rotating cylinders on the Flettner "rotor-ship" 
due to the Magnus effect. Assume a wind speed relative to the ship 
of (a) 10 mph and (b) 30 mph. Eachcylinder has a diameter of 9 ft, 
a length of 50 ft, and rotates at 750 rev/min. Use Eq. 6.124 and 
calculate the circulation by assuming the air sticks to the rotating 
cylinders. Note: This calculated force is at right angles to the direc- 
tion of the wind and it is the component of this force in the direction 
of motion of the ship that gives the propulsive thrust. Also, due to 
viscous effects, the actual propulsive thrust will be smaller than that 
calculated from Eq. 6.124 which is based on inviscid flow theory. 


= -P Dr enn per unit length) (E3 b, 124) 


On the Cylinder surface 
= 
y = Fw A and de = rd0 
So That 
2m inu . 
[F= : UM ER) Re = ZTF 63 
rev Fad |! tih 
Caras ( 750 fer) (am Cet) (cm) 
= 4940 ft 


U= — 123, ẸĮU 
Fy 7 - ( o. 00238 ^ 748: (Gaqo 7 y 


(A) Foy a eylinder with length = Boft ana 
Number of Cylinders - 2 And wind Speed = [0mp 


Ey |e (23.2 E (o m (FEE) s) 9 C2) 


= 34400 |b 


lj 


and 





[|= 3x (Rye tomph) = 105, 000 Ib 
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6.73 A fixed circular cylinder of infinite length 
is placed in a steady, uniform stream of an in- 
compressible, nonviscous fluid. Assume that the 
flow is irrotational. Prove that the drag on the 
cylinder is zero. Neglect body forces. 


3m 
Drag 3 p a -f T7 CosO a de (Eg. 6.117) 
Ó 
Ae pr 4el'(1- #06) (Eg, 6.10) 
Thus, 2T 


2i 
O 2 
Drag = x ap | cose dð + S gu” | coso de 


277 


— 1a pv ^| sit cos d 
Ò 


Since, 2 217 
| sods = sine = O 
Ó ò 
2T 2T 
aud . B J. 
sh'& wpdp- 9" =o 


Ó 
6 


it ls lum That 
D ra 4 =O 
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EET 


6.74% Repeat Problem 6.73for a rotating cyl- 
inder for which the stream function and velocity 
potential are given by Eqs. 6.119 and 6.120, re- 
spectively. Verify that the lift is not zero and can 
be expressed by Eq. 6.124. 











27 
Drag = Fy = -f e? Coso ade (Eg. 6.117) 
ò 
2 
l p «x 2l'sinB s i È é./23 
Benty” (1- asitoe ETE - qag) (8 " 
Thus, 2I 2T C 
a 2 dg — 4| Sin 8 coso d8 
E A sl" ET J 
Drag = Z2 + oP | | 
Ò 
AT " 41 
n 
t at | coso smo 48 - Lz Cos B dé 
taU Jy tTa à 


Since , 2T 2T 
| COSO dO = Sin | =O 
D Ó 








2T 
Tn U 2 Si 3o =O 
sin'® Cosoda= — 7 
o " a 
j 21 "As zl 
i | cos sind dé = a | =O 
D Ò 
it follows Thet 


Drag =0 
(cont ) 
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C74 | (Cont) — 


it 


2T 
Lift = F, = -| 4 sin8 adB ( Eg, 6.118) 
Ó 


with T Given by E4. 6.123 «it todlowe that 


2T 


27 LT 3 
Lift? - ap | shode + £ pU [ [reao -a | siaa 
Ó 


alr x 2T 
E n | 
2 3i "B dB — — a sin@ dé 
E tTa U Ò uta U Ó 
2T 


Sine, 2 
| sino d6= - cose = © 
ô 


o 


T 
and ai * 
CoSO /_:2 = 
| sin à dO ” = "3 ( siv 6 +2) =O 
Ò 


and au 2T 
| sin 6 dé ( 9 = sine) ag m 
o Q 

rt follows Tha t 


Lift- - tpv (2 Jm) 


Tal 





Thus, 


Ltt- pUl 


(Which K Eg. 61a 44). 


6.75 Ata certain point at the beach, the coast line makes a 
right angle bend as shown in Fig. 6.75a. The flow of salt wa- 
ter in this bend can be approximated by the potential flow of 
an incompressible fluid in a right angle comer. (a) Show that 
the stream function for this flow is w = Ar? sin 26, where A is 
a positive constant. (b) A fresh water reservoir is located in the 
corner. The salt water is to be kept away from the reservoir to 
avoid any possible seepage of salt water into the fresh water 
(Fig. 6.25 b). The fresh water source can be approximated as a 
line source having a strength m, where m is the volume rate of 
flow (per unit length) emanating from the source. Determine m 
if the salt water is not to get closer than a distance L to the cor- 
ner. Hint: Find the value of m (in terms of A and L) so that a 
stagnation point occurs at y = L. (c) The streamline passing 
through the stagnation point would represent the line dividing 
the fresh water from the salt water. Plot this streamline. 


(a) 
EFIGURHRE P6.75 


(a) fer the given stream function, 
Ys AF 25102 O 


Alons eso g4—o CU e ol 


With a Seled boundavy long Which The stream 
funetiay /mMmus L be Constant. This 


forms 4 right angle ana Therefore This stream 
function Can be Usta 7o represta f flow in a 


isht angle Corner. 


(5) Since 


e. 





Source 


e zT. W=o 


Thus, The rays C20 ana O=Th ean be yeplacect 


_ tay. 
Vi = rra ZA vcos 2b 


at Q= T 


T= ZA FcesT = —ZAr 


r 


For a source located at dne origin 


z Am 
Pr see 


E om 
eg eS eae 


To Create a stagnation Point ef k=l anda ez 


Jet "VL Vr; 
(Cont ) 
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bouudary 


= 
Dividing 
Vii niea 


y 
r Ti 
L 
9 l 
VV BAG wh The uel Led dus lip oa: x 4 


Fresh water 


(b) 


streamline | 





. b . x 
Fresh water 
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(Cont) 
TAUS, AH 
Zeb T at 
anv 


mz mr AL 
Gives a stagnation pom + at rF=L, 8-75 | 
(C) The combined stream func hoy 13 
U 7 A r*s;p 28 * = & 
qnd with tm = ATAL? 
Wa Ar sin26+Z2A1*6 
The value of Y at the stagnation pomt cat's Oat, ) i 
D AL* sin + 2 AL (t) 
= ALT 
Thus, The eguation der the streamline passing Trough 


Me 542214 I pont js 
Al’! = Ariésin2@ t 2AL O 


gr L*~ 216 
p Sin 2 


Qna 
E ss (ro ( 1) 
L sin 20 


for plotting let 

X'= F cos 8 and 4s F'sine 
Gna & plot of The dividing streamline from 
E? (D) 4s Shown on the following Page. 





l Cont) 


6-74 


6.75 


C Cont?) 
Theta(deg) Theta(rad) r/L x' y 
10 0.175 2.857 2.814 0.496 
20 0.349 1.950 1.832 0.667 
30 0.524 1.555 1.347 0.778 
40 0.698 1.331 1.020 0.856 
50 0.873 1.191 0.765 0.912 
60 1,047 1.100 0.550 0.952 
70 1.222 1.042 0.356 0.979 
80 1.396 1.010 0.175 0.995 
90 1:574 1.000 0.000 1.000 
| 1.20 : 
Posee: 5 Lens 





| 
0.80 Lp P | 
>, 0.60 — —(— 
| 


0.40 








0.00 — i | | 
9.090 050 400 150 200 250 3,00 
" 


M E 


30 


On 
\ 
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6.76 Typical inviscid flow solutions for flow around 
bodies indicate that the fluid flows smoothly around the 
body, even for blunt bodies as shown in Video V6.10.How- 
ever, experience reveals that due to the presence of viscos- 
ity, the main flow may actually separate from the body cre- 
ating a wake behind the body. As discussed in a later section 
(Section 9.2.6), whether or not separation takes place de- 
pends on the pressure gradient along the surface of the body, 
as calculated by inviscid flow theory. If the pressure de- 
creases in the direction of flow (a favorable pressure gradi- 
ent), no separation will occur. However, if the pressure in- 
creases in the direction of flow (an adverse pressure 
gradient), separation may occur. For the circular cylinder of 
Fig. P6.76 placed in a uniform stream with velocity, U, de- 
termine an expression for the pressure gradient in the di- 
rection flow on the surface of the cylinder. For what range 
of values for the angle 8 will an adverse pressure gradient 
occur? 


From Eg. 6.116 


Ly 44 


aed zw Y 
— 
—À 
—À 
=> 


m FIGURE P6.76 


h= pt Ae (1o d anto) 


Thas, 


OB 4eU "sine tos 8 
20 E 


Cr) 


Since an adverse pressure gradient occurs er a 
poss Ave ÒR Jo, (T follows Tren Eg (1) Mut 0 
At Ils s/n The range of T 90° for an adverse 

Press Ure gradient. This range CO rre sponds b he 


rear half of The cylinder. 


QO 
i 


8l 
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6.78 For a steady, two-dimensional, incompressible flow, the ve- 
locity is given by V — (ax — cyi t (—ay + cx)j, where a and c 
are constants. Show that this flow can be considered inviscid. 


For a two-dimensional flow {he shearing stress Is 
~ - du N 

iny = Bn =A ay tx? 

With U=ax-cy and w-=-aytex we obtain 
hey “A (-6 tc) =0 


Thus, Tey 22, for all x,y and the flow can be considered 
inviscid with no shearing stress. 
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6.79 Determine the shearing stress f or an ee E Newtonian 
fluid with a velocity distribution of V = (3xy? — 4x)i + 
(122y -= y’). 


The sh I stress fr an incompressible Newtonian fhid is 
: * dy, = $ $e 
: "n 
% -u ($5 +e 
P Da =A (24. +94 
For the end vel wi Á 
4 = xy - 4 x* 
Aa S 2xy = y? 
ur=0 
Ths, 
Try = (xy +2 xy) = 394 xY 


T= (0 +0) =0 
and 


Tex = (010) "- 


* Mole : For the ie, ven "and 
y - of + 1% A 3y? -[2x*)*(12x^-3y*) + (0) =0 
Hence, 
V-V =0 , +he flw is incompressible. 
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6.80 The two-dimensional velocity field for 
an incompressible, Newtonian fluid is described 
by the relationship 
V = (12xy? — 6x3)i + (18x2y — 4y>)j 

where the velocity has units of m/s when x and 
y are in meters. Determine the stresses Gr, Oys, 
and r,, at the point x — 0.5 m, y = 1.0 m if 
pressure at this point is 6 kPa and the fluid is 
glycerin at 20 °C. Show these stresses on a sketch. 


Da F Prix (Eg, 6.1254 ) 

Tuy =~ p+ ts jt (Eg. 6.125 b) 
E ðu ov 

ba Z Jy * ae) ( Eg. 6.1294) 


For The given Velocity distri bution with x20, Som and qgzlom: 


ti 


2 2 
[2y = IER = 12 (40) ~ 18 (0,5) = 7 50 F 


tA |... 


Ou - L¥ XY = A4 (6,5) (40) 


, 


12. 0 


l} 
nl 


X 
N 
i 


dé vu 3e (o.s) Clo) 18.0 


i 


QU - MENU nns E 44 Éfag- afe) s-7 o $ 
a 3 Nw E NS 
Thus, for P= 6x/0 can and K= LT << 


X X 


3 (5 i 
g k = 6x70 n + 2(150 (7.502) = -5 78 Ale 
R la 








3 ‘ 
Tuy = — 6x /0 +. z (150 Ms.) (-75035)= — 6.042 





` m Jes / ZA a 
Tes > (1.50 WS (2.0% + 19.03 ) = 45,0 Ff 
6,02 & Pa 
y Š 
US oO Pa 
S78 RR 
: TP 
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6.81 For a two-dimensional incompressible 
flow in the x-y plane show that the z component 
of the vorticity, €,, varies in accordance with the 
` equation 

DR o, vu 

Dt 
What is the physical interpretation of this equa- 
tion for a nonviscous fluid? Hint: This vorticity 
transport equation can be derived from the Na- 
vier-Stokes equations by differentiating and elim- 
inating the pressure between Eqs. 6.127a and 
6.127b. 


For fwa- dmensiena] Ai with wwe , £3. 6.1274 vedut% to 
gu Ou. 2u \ - $f ‘i 
f ( 3 +! OF vi) e Ee rn (5*5 E rd 


and E$, LITb — reduces to 


2 jt 
i" av |). _e (£j; C) a 
n EC EE eT $E) oh = 


D, Fferentiate Ee. ti) with vespect to Y and Bg.) (UT 
respect to x, and subtract E9.) from Eguz) do obtain 


e ou gU 270) 2 ðu 


a es au \) _ 
Bx Qu 7X3; PU ay se + Ax 7 U 3 ~ 
ye | 2 few, J Seta . a )] 
^ E gx» * i.) Tay l axi” Oy? TM 


Gy cle tin: tou ( see Ee. Gota? 


P E IV au | 
2^ Ox | 829 | 


Ke-w fe Eg , (3) to obtain 


Ou 
2 QU Ju Y QV òu =) s x. z-Rj E 
pe (ax ~ ag /* “ax ax” ag) ~ Ei 


Al a av. Se ) 2* (€ - 3&) 
P| oh ax a5) ~ aye (ax ay Z 


| 6.8/ (Cont ) 


Since each term yn parenthesis in £53. £9] Is f. 
zt follows That 


T a Me pth. ASE. zi ( $ ) 
we 2 X ox? 


The lett side of Eg (5) Can be expressed as s Eg. Vs) 


D fa where The operator Dt ) 1S The material 
Dt Dé 


derivative The vight hand side of Eg (§) Can be. 
Expressed as 

Vf 
"TT. V = Jus So That Eg. (S | Cun be Wriffa as 


Dz. py} 
D 


Foy a nenviscous fluid ,w-o Quo in This Case 


Th us, for a two-dimensional Flow of an incompressible, 
Fon VISCOUS Fluid, The Change in the Yor ticity of a. 


Fluid particle as it moves Through the flow Held 
IS Jero. 
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6.02 The velocity of a fluid particle moving 
along a horizontal streamline that coincides with 
the x axis in a plane, two-dimensional incom- 
pressible flow field was experimentally found to 
be described by the equation u = x’. Along this 
Streamline determine an expression for: (a) the 
rate of change of the v-component of velocity with 
respect to y; (b) the acceleration of the particle; 
and (c) the pressure gradient tn the x direction. 
The fluid is Newtonian. 


(a) From The Continuity eguation , 


Qu. v - 
Be Xp V 
so That with TE E 
a4” E. = (1) 


Also, Eg tl) Can be integra ted with respect to y te obta i. 


fav = f - z«4s 


quex ce Eu s fx) 


or 


Since The X-axis is a Streamline, v=o along This axis aud 
therefore fF (xJ=0 so That 


y- 2 —exX 
5 
^ ae um a y 2s GO)x) « (-2e5)0) - 
"Ta )7 2(x*)(-24) * (- 2x9 abs ew 
ays ™ 13 .* e an C 4) ) 


Along X-axis, y=0, qnd Therepre 447. Thus, 
^^ 
Q = oe" 4 


CC) From Eg. 6.127€ [w/t bte 
pad EF E rata 
Oy (ax 2 ($4 t 5j 

at 


2x°= AM Been 


and 
oP . m x* 
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6.84 Oil (u — 0.4 N-s/m) flows between two fixed horizontal inf inite 

parallel plates with a spacing of 5 mm. The flow is laminar and steady 
with a pressure gradient of -900 (N/m^) per unit meter. Determine the 
volume flowrate per unit width and the shear stress on the upper plate. 





From Ee. (6.134) 
q = volume flowrate perunit width out of the paper 

= 2 h*A hé 

= OTE where if =~ 40 
For ths flow 2h=Smm or h= 2.5mm =2.5x10°m 


and Ap/L =(+900M/m*)/m = +900 N/m 


Tho 
B 2 (2.5x0 m)(90055) _ » ayy H 
$ |. 3 (0o, Ms/n?) ——— 
d Ub 
The shear stress is (xy -u(3y * 3) 
were 
a f L2 pz 
= - "zy -h*) 
and 
w -0 
/efce, 


ly = -paer =- fy 
On the upper plate yzh so that 


“Upper = magnitude of shear stress on upper plate 


5 fh - (9004) (2,5 x10 m) = 2.254, acting in the 
positive X-direction( the direction of flow). 


eas | 


6.85 Two fixed, horizontal, parallel plates are spaced 0.4 in. 
apart. A viscous liquid (u — 8 X 10 ? Ib. s/ft?, 5G = 0.9) 
flows between the plates with a mean velocity of 0.5 ft/s. The 
flow is laminar. Determine the pressure drop per unit length in 
the direction of flow. What is the maximum velocity in the 


channel? 
_ 2 Ad 
y" A m (£3. 6.17) 
Thus, 


Ap. 3&V _ 3 (ax10° “ER )las #) 
d UY. 


/2, in. 
ft 


= T5 D. per £t 





plu 
< 


Umax 


(Eg 6.138) 


H 
plu 
S 
UN 
|; 
NA o 
i 
© 
~ 
ü 
D 
cK 
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6.86 A viscous, incompressible fluid flows be-i 
tween the two infinite, vertical, parallel plates of 
Fig. P6.86 Determine, by use of the Navier— 
Stokes equations, an expression for the pressure 
gradient in the direction of flow. Express your 
answer in terms of the mean velocity. Assume 
that the flow is laminar, steady, and uniform. 





Lid 


FIGURE P6.86 


With The ecordinate system shown &-0,ur*0 «d from The 
continuity ef uation ge =O. Thus, from "The Y- Component 
of The Navier-Stokes "24 uations CEG. 6.1276), with $47 7d, 





= 8% _ dłu (1) 
| ea 5 rg * dx > 
Since The pressure Is not a functon of x i EZ. (1) Can 
be writen as 
dir. P 
gX* p 
(Where P= 2P «o4 ) ond integrated +e obtain 
Wim. D (2) 
A a 


From Symmetry 24 zo at X20 5o That C0. Integmtion 
of Fg (2) yields 


wet g . 
Since at X=th =o it fellows That C, z -z 


and There bre 
= ES (0-4) 


The £Flowrate per, unit width i The Z-directow Can be EX pressed As 


h 3 
H PF 2 j2 _2 Pd 
dli. — 


[Aus with V (mean Velocity ) g1VCH by The €4ua tion 
2 L124“ 


V= 25 3 4 
ba follis Wat 


< 


2p | 2 B 
5 =~ C8 


h 
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6.87 A fluid is initially at rest between two 
horizontal, infinite, parallel plates. A constant 
pressure gradient in a direction parallel to the 
plates is suddenly applied and the fluid starts to 
move. Determine the appropriate differential 
equation(s), initial condition, and boundary con- 
ditions that govern this type of flow. You need 
not solve the equation(s). 


Di Fherentia / e$ ue tions are The Same as Egs. 6/29 6.130, ana 
6.13) except That Ze X O Csince The Flow 18 unsteady ) 


Thus, £4. G./29  r»nw«st 1a clude The local acceleration EEr, 


ce j and The Go verning d: tHevevtha/ Equations are : 














i ef | . sad 9*4 
( ¥- divechou ) M a " P rpm (wrth 22 = constant ) 
( q— direction ) e e - ui: 
[Z- divection ) 2 oF 
Lnddal Condi tion : kag for «o for dll 5. 
Boundary condi Hons ` =o dor oe ee far CO 
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6.883 (See Fluids in the News article titled “10 tons on 8 psi,” Section 
6.9.1.) A massive, precisely machined, 6-ft-diameter granite sphere 
rests upon a 4-ft-diameter cylindrical pedestal as shown in Fig. 
P6.88. When the pump is tumed on and the water pressure within 
the pedestal reaches 8 psi, the sphere rises off the pedestal, creating 
a 0.005-in. gap through which the water flows. The sphere can then 
be rotated about any axis with minimal friction. (a) Estimate the 
pump flowrate, Qo, required to accomplish this. Assume the flow in 
the gap between the sphere and the pedestal is essentially viscous 
(low between fixed, parallel plates. (b) Describe what would hap- 
pen if the pump flowrate were increased to 2Q,. 





ZFIGUAE PG. 


3 
(a) ga 2h åp 
IMA 


$ psc O psc 
G 4. | 
-u dis 0.005 (n. 
ys go = 0,0025in, = 2.08xX10 Ft k 
d 3 lb I Vu i^ Eee 
t= 2) (2,08 x10) (3 i Fee — > 
3 (2.34 x10% 2s | (i'n. ) 





where g = flowrate ( Ro 6.136) 
Unit width 








" Hr ped foy width 7 T (4f) 
= $.6L X 1b £e Der unt wiel th 
ERN z 4 £4? qo | lons) 
Qs (3.8bX1D á LE) (yr Ft) = ODII -3 (4.98 min 


( b) Since 8 pst supports the s pheve (ois expected Mat This 
Pressure Vvemains approximately the same as me flowrate 


lnereases. To maintain This pressure the distance f 
Would have +y increase as © Cor 9 ) is 1ncveased . 


Thus, From Eg. b.136 , F 


4 new = (Sese 


— n 


ola Wed 
F = P aiias 3 
Nold 


Kea eee (0.0025 in.) = O.D0215 In. 


Thus, The gap width would Increase. te 
VP Vo Xi rnedelu O.OO0630 In. 





6.89 


6.89 Two horizontal, infinite, parallel plates are spaced 


a distance 6 apart. A viscous liquid is contained between the T 


plates. The bottom plate is fixed and the upper plate moves 
parallel to the bottom plate with a velocity U. Because of 
the no-slip boundary condition (see Video V6.1I), the liquid 
motion is caused by the liquid being dragged along by the 





moving boundary. There is no pressure gradient in the di- | | 
rection of flow. Note that this is a so-called simple Couette Z — X 


flow discussed in Section 6.9.2. (a) Start with the Navier- 
Stokes equations and determine the velocity distribution be- 
tween the plates. (b) Determine an expression for the 
flowrate passing between the plates (for a unit width). Ex- 
press your answer in terms of b and U. 


(a) For steady Flow with Wetrso ft follows That The 
Navier- Stokes Lgu at Das reduce to Cin directos of Flow) 


dn O 
(pe we * ( 
Thus dey Gero Pressuve Gradient 


2u 
by 


So That Ys C4 4 C, 


AE q= Ó Lato and it alins Pra £ 


C 
az VL ESI a nd C, E b 
(here fore. U 
Ke yo 2 


b 2 5 
(5) qs E = mm ydy = 


tu 


35 ) 


P 


p g“ 
p 2 


b 


Ó 


(Fe. 6. 129) 


=0. Similarly, 


UL 


= 


Z 


— m — —— 


where 4 iS The flowrate per unit width | 


93 


b 


6.90 


6.90 A layer of viscous liquid of constant 
thickness (no velocity perpendicular to plate) 
flows steadily down an infinite, inclined plane. 
Determine, by means of the Navier-Stokes equa- 
tions, the relationship between the thickness of 
the layer and the discharge per unit width. The 
flow is laminar, and assume air resistance is neg- 
ligible so that the shearing stress at the free sur- 
face is zero. 





fx" 3 Sih d 


with The coordinate system Shown in The fig ure 
VO, Urso0, and trom The Continurty 6$ nai" ou =o. /Aus, 


from the x- Component of The Naver -Stokes equa tions f. Eg. b 127a) 
ð= — 2 a sind + d*« Cr 
+ 7 JEG Jy ) 


Also, since There is a tree surface | There Cannot be a pressare 
gradient th The x-direction So Thot Ll =0 qud E3. 0) 
C2h be written as - 


d 42 
bs ntegra tion yı e/ds 


du = (Af sind )y + ©, CZ) 


Ta = ~ FB sine 
dy 


Since The emn stress 
lyx e [$; T" F 7) 
equals yii at The free Surface (524) ié follas That 
gu =o at 4 = f 
ay , 
So That The Constant in £23.t2) IS 
= Le Sind | 
5 | 
viai of £2. (2) d | 
-- (Z8 sinu) e [d soa); +G, | 
Since uUu=o at gs o, cE Fo/lows dui C; -0, "TY There hre 
k= Ce metas 23 1 


The tlowrate we il width can ke expressed as FZ * -f u dy 


So That 2? 4 
gf a (22 sind. (dy- 2 “)dy Pd 3n 


Za 
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6.31 Due to the no-slip condition, as a solid is pulled out 
of a viscous liquid some of the liquid is also pulled along as 
described in Example 6.9 and shown in Video V6.!l. Based on 
the results given in Example 6.9, show on a dimensionless plot 
the velocity distribution in the fluid film (v/Vp vs. x/k) when the 
average film velocity, V, is 10% of the belt velocity, Vo. 


From Example b.f, the average velocity 13 given by the ofuation 


2 
f= 6- $; C1) 


wim the yelocity distri bation 


IL VeV 


or 


X 





j 2v 


SELLER e 
/^ 


then from E3. (1) 
A 
3A 


(3) 


Tn ets a Jess or E (2) bt comes 


Fre m 


ie "wi 
Eq.» 


Gna EF. — 


ny Ak) + s 


m nal. 
be written as 
-438(2)'- 235 ) 81 (5) 


A Plot eZ The velocity distri bathon 1s shown below. 


VIVO 
1.000 
0.744 
0.514 
0.312 
0.136 
-0.013 
-0.134 
-0.229 
-0.296 
-0.337 
-0.350 


1.500 
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6.92 An incompressible, viscous fluid is 
placed between horizontal, infinite, parallel 
plates as is shown in Fig. P632. The two plates 
move in opposite directions with constant veloc- 
ities, U, and U,, as shown. The pressure gradient 
in the x direction is zero and the only body force 
is due to the fluid weight. Use the Navier-Stokes 
equations to derive an expression for the velocity Us 
distribution between the plates. Assume laminar 

flow. 





FIGURE P6.92 


For The specifi ec Condi trons, v=o, =o, Ze =o, and 2. 20, 
So That The x- Com ponent of The Navier - Stokes € qua tions 
( Eo. 6, /27«) reduces to 

ge = 

d 2 C/) 


Late gra tioh of E.) q,elals 





ea C YH - C2) 

f» y=o0, EREA and Therefore from Eg.¢2) 
C ==; 

For y a b, w=, So that 

eA C, b UE 
or , U; t D 

fat =o 
Thus, 7 

"AE, 

"Tl — Á - d, 
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6.73 | Twoimmiscible, incompressible, viscous 
fluids having the same densities but different vis- 
cosities are contained between two infinite, hor- 
zontal, parallel plates (Fig. P6.93, The bottom 
plate is fixed and the upper plate moves with a 
constant velocity U. Determine the velocity at the 
interface. Express your answer in terms of U, y, 
and 4t. The motion of the fluid is caused entirely 
by the movement of the upper plate; that is, there 
is no pressure gradient in the x direction. The FIGURE P6.33 
fluid velocity and shearing stress is continuous 

across the interface between the two fluids. As- 

sume laminar flow. 





For Jhe spected conditions v=o, Ww -0O, p Eu and fx Ex 5o 
that the x- component of the Navier-Stokes Cguatwns (, Eg, 6.1274) 


for esther The upper or lower lager reduces to 





d2u . 
dy> 2 
Integration of E. (1) ys elds 
u=Ay £8 
Which gives The velocity distri bution ty etthey layer. 
L^ the u pper layer al y= 2k , u= U so That 
8 -U-A, (2.4) 
where The subscript | refers to the upper layer. 
for The lower lager ot =e u=o So That 
B, =6 
where The subseript 2 refers to the lower layer. Thus, 
u = A, (y-2h)+U 
Gnu 
P A, J 
M ER aen a 
A, Cá-24) « U 7 Aah 
or A, e - A, - z (2) 


(Cont ) 
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| 6.93 | ( Cop. ) 


Since The velocity clistribution 1s linear in each layer 


The shearing stress 


E Qu Q2 - d 
lp lR E) $E 


constant 7h roughout- Cach lager, For The upper layer 


1S 
b, JI A 
and for ne lower layer 
Ty = fa Aa 
At the interface D = 0. So That 
ALS A, =M, Ar 
or Ai. ts 
Az A, 
Substituto, of Eg 03) into Eg (2) yields 
A,* x 73 A. + * 
Or U A 
A, = 
| + Pa [pe 


Thus, Velocity of The interface IS 
Z 


U, (4:4) 5 A, 4 a 1 
[| * 


vi 
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6.94 The viscous, incompressible flow between the parallel plates 
shown in Fig. P6.94 is caused by both the motion of the bottom 
plate and a pressure gradient, op/àx. As noted in Section 6.9.2, an 
important dimensionless parameter for this type of problem is 
P =.—(b?/2 pU) (dp/ax) where jis the fluid viscosity. Make a plot 
of the dimensionless velocity distribution (similar to that shown in 
Fig. 6.32b) for P — 3. For this case where does the maximum ve- 


i 9 
locity occur’ MFIGURE P6.94 





OP 2 
2P ) y4 Cutty ( E9, 6.133) 
At "ze AE A so That C.F, At y=b i = 6 
ana Therefore 
O 


~ i J? 
/ Lpy sf) b- < 


«sl oll Sh fabs) * p (1- 


M 


Uz 


(E i c, b tv 


I 


I4 


c 
7h “s, 


I 


or /»n chm en5/o/ Él Jor m 


uU J (1) 
E. + 2 Xa 4] - E | 
Sinet, = 2P \ 
La i 
ER. 605 Can be written as 
Le Ae: 2-1} - J ( 
mi d E i ( (3 P! 2) 


A plot of This Ve locity distr, bu ton for P23 
(5 shown on The following Page. 


( cont ) 
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To determine where the 


INAKI NAUM velocity occurs 
ch Fferentiate £9.(2) and set eg ual to Jero. Thus, 


dlh) | - p: 1(Z,)~ 4 ]-i "d 


b 
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6.9.5 A viscous fluid (specific weight — 80 Ib/ft*; viscos- U = 0.02 ft/s 
ity — 0.03 Ib. s/ft?) is contained between two infinite, hori- impie 
zontal parallel plates as shown in Fig. P6.95. The fluid moves 
between the plates under the action of a pressure gradient, and 
the upper plate moves with a velocity U while the bottom plate 
is fixed. A U-tube manometer connected between two points 
along the bottom indicates a differential reading of 0.1 in. If the 


upper plate moves with a velocity of 0.02 ft/s, at what distance 
from the bottom plate does the maximum velocity in the gap 
between the two plates occur? Assume laminar flow. 





M E 
A Ps 
J^ mr TL SS Nh a i b 


m FIGURE P6.45 


| "c ad " 
| i e * ORA. 2 ) (y -by ) 731 &.1920] 


Maximum velocity loi // eccar at chskuce oe where at zo. 
Thus, 

au. By J fe 

oo ee Hu l) zs- 


J 
and ‘ter e 20 


i CF 
| d i STE) " A Us 


For manome ter (see figure to right) , 


Pa 6, Ah - Yeg Ah * f 

















ov ( 
hop Sgp EI 
= (ipo te. - 5p 4.) (Obey | 
(156 PE? 5 A) E Ô, 
ft 
b 
Also, _ op. P - o O. ib e. J 0.234 iE 
OX Q Otn. ) £43 
I2. rn, 
t 
Thus, from Ee, I) 
! [L.O in. 
= (0.03 at )(0.02z£) (2 Vn. 
FL POS ns $7 — —— mw t £t 
in: te 
12 !n- )(- 0, 334 x) ^ 
Ft 


= 09,0032 ft C = 0751 In. 
t — 
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6.96 A vertical shaft passes through a bearing and is lubri- 
cated with an oil having a viscosity of 0.2 N-s/m?* as shown in 
Fig. P6.46. Assume that the flow characteristics in the gap be- 
tween the shaft and bearing are the same as those for laminar 


in the direction of flow. Estimate the torque required to over- 
come viscous resistance when the shaft is tuning at 80 rev/min. 


Shaft 


75 mm 


| Bearing 


flow between infinite parallel plates with zero pressure gradient 160 mm 


il 0.25 mm 


BH FIGURE P6.36 


The Torque due +t. force dF acting 
on € diffevenha] avea, dk» v; A «le, 
Is (see figuve at vight) 


dT = dF = V TA de 





where T is me Shearing stress, Thus, 


em 
2 2 
Ma E TA | 4e > arr, TO 
In the gap, 


Where Ur. an 
.nL d" 4 LU 
ee dy A 

Thus, From Bq tl) 
J 


an (0.018 m) (0.2 Bo 


= 0,355 Nem 
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min 


Yev V2 Yad ym i» 
yev 


f ^ Sha ft length 


(1) 


(Eq. 6.142) 


b is tme gap width, Also, 


arri (HE) A = mr pod 


(0. loom) 


603/|(0,25x|0 am) 


6.97 A viscous fluid is contained between two long con- 
centric cylinders. The geometry of the system is such that the 
flow between the cylinders is approximately the same as the 
laminar flow between two infinite parallel plates. (a) Determine 
an expression for the torque required to rotate the outer cylin- 
der with an angular velocity w. The inner cylinder is fixed. Ex- 
press your answer in terms of the geometry of the system, the 
viscosity of the fluid, and the angular velocity. (b) For a small 
rectangular element located at the fixed wall determine an ex- 
pression for the rate of angular deformation of this element. 
(See Video V6.3 and Fig. P6.IO.) 





A^ culndev. lengfh 


T^ shearmg stress 


(A) The torgue Which must be applied to outer cylinder Jo ovevcome Tu 


force due + the Shearing stvess 15 (see figure ) 
dT-: KV dF = Y, (tC $400 - ct de 


So that or a 
T= V t1 | 4e = aTh T} (1) 
Ln The gap y 
us UT ( £4. 6.192.) 
Since , 
U 
L* z 2 cS 
Qua b= D eds js EW (see Figure) | it follows 


from Eq.q That 
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(eon t ) 


(4) From  E4. 6.18 
4 du Ou 





3 4t OY 
lor The linear distribute n 
lox c foo] ge U 3 
B-r, ‘ 
L 
So that 
ou. ~\Y 
24 b 
qne 5 L-—o 
UC 


The negative sign Indicates Mat the original 
Vignt angle shown in Fig, Pb. lob is tncreasing . 
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*6.98 Oil (SAE 30) flows between parallel plates spaced 
5 mm apart. The bottom plate 1s fixed but the upper plate 
moves with a velocity of 0.2 m/s in the positive x direction. 
The pressure gradient is 60 kPa/m, and is negative. Com- 
pute the velocity at various points across the channel and 
show the results on a plot. Assume laminar flow. 


The velocity distribuon is given by the eguetiOn 


/ 2 
u= UŽ + 3a (3 ) 5-99) 
and for the owen data, 


(£5. £140) 


(0.2 a”) / 3 
T IL—— 4 ——— G E 4 E 
(0. 005m ) 2 (0.38 X5) (- net? 3 Ny (0,005m) | 
m ?- 


so hat 
y= 404+ 7.89x10" (0.0054 - 47) (1) 


LUI Th — (4 ih m/s when y is In mM. 
Ta bulate d data Rad a plot of The dato. “are 


GIVEN below. 

ym u, m/s 0.005 

0 0 | | 
0.0005 0.1975 | | 
0.0010 0.3556 0.004 - | 
0.0015 0.4742 | 
0.0020 0.5534 
0.0025 0.5931 (x5. I — — — 
0.0030 0.5934 f 
0.0035 0.5542 p 
0.0040 0.4756 0.002 - — 
0.0045 0.3575 
0.0050 0.2000 

z 0.001 - 


NA 
Calculated 
from Eq. (1) 
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0.2 


0.3 


u (m/s) 


0.4 








0.5 


0.6 


6.99 


6.99 Consider a steady, laminar flow through 
a straight horizontal tube having the constant el- 
liptical cross section given by the equation: 


The streamlines are all straight and parallel. In- 
vestigate the possibility of using an equation for 
the z component of velocity of the form 
x? y? 

w=A ( -— z — m 
as an exact solution to this problem. With this 
velocity distribution what is the relationship be- 
tween the pressure gradient along the tube and 
the volume flowrate through the tube? 


From the description of The probem, u=0, v=o, f,7°, w# L), 


J 


and The continuity eguatmn indicates That our 30. litu These 
Conditions the Z -Component of The Navitr~Stokes egua tions a Eg 6, 27e) 
veduces to 

ð pP ur n 

22 A je t St 
Due fo The ne-shp dounclary cm W =o On The 
ell, ptico/ boundary 


(1) 


“ -$ g” = 

z | 

Thus, The Propesecl velocity distri buton satishes This 
Condi tion Since on The 


A| x 


boundary 


ir: A - x-&£)- A[i- (5 i) sa [i-o] 


This vesult indicates Wat The Proposed Velocity BUS der 
Can be used as @ Solution. Subst/tuton of the veloci $ 
distribuon | (10 Eg.ts) gives The rela tioushi'p be Tween 

The pressure gradient, Of and The velocity, Since, 


Q*ur 





= — 24 oe . 2A 
pu pie dy? bz 
iL follows That 
/ / 
IP - - ( d ) (2) 
CU rtp 


(cont) 
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The volume Fhwrale j Q , Through 
the tube 1s given by the eg uabioy 


Q= f urah 


à Vea. 
b a |i- s 
L> 

f | 

o o 


b 
T 





Thus, b L 
Qaf [ 6-Z-£)«^ 
o o 








b 
= tae fç P. dy = 8A« £L ATab 
E O 3 [à v 
and Therefore F m 
- "Fab 
From &4.!2) 
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6.100 A simple flow system to be used for steady flow 
tests consists of a constant head tank connected to a length of 
4-mm-diameter tubing as shown in Fig. P6.100, The liquid has 
a viscosity of 0.015 N - s/m/, a density of 1200 kg/m, and dis- 
charges into the atmosphere with a mean velocity of 2 m/s. (a) 
Verify that the flow will be laminar. (b) The flow is fully de- 
veloped in the last 3 m of the tube. What is the pressure at the 
pressure gage? (c) What is the magnitude of the wall shearing 
stress, 7, in the fully developed region? 






Pressure 
gage 


Diameter = 4 mm 


m FIGURE P6.I00 


(a) Check Reynolds hum ber to determine if tows bs famti 


Az AE LR) _ (120 RE) (2 m )\(0.004m) 


Ae 0.0/5 Nz 
(071 L- 


Since the Abynolds num ber ks well below o lod The How Is p 


(b) For lemmar dew, 
_ R* bp 
V^ gu £ 


Since Ap = fos 4 m f-o (see figure ) 


P, 


= €40 


( £y. 6./52) 





- S v4 7 8 (0.015 va (22 ) im) . I0 4 





a 0.004% \2 
(0-2 m) 
Ta TET 
(C) NET ES ^ ) (Eg & naf ) 
For fully developed pipe Flow, 5-0, So That 
ov 
ULP eb 
Also |^ 42 n 
Up * Vaz | -(&' | (eg — 


anil with VUn V there V ts The mean velocity 
/ 


T,,* 2YA (- Rad 
Thus, at. the tall, rz f; 


TUAE : |- A|; 








©.0O 4 
( $927 


6-108 


u (23 (oos SA) 


m ) 


M 
60.0 me 


i 


6.10! (a) Show that for Poiseuille flow in a 
tube of radius R the magnitude of the wall shear- 
ing stress, 7,,, can be obtained from the relation- 
ship 


- Sup 
(ual 7 1R? 


for a Newtonian fluid of viscosity sz. The volume 
rate of flow is Q. (b) Determine the magnitude 
of the wall shearing stress for a fluid having a 
viscosity of 0.004 N-s/m? flowing with an average 
velocity of 130. mm/s in a 2-mm-diameter tube. 


F 


E QUE MU 
(a) Uu) ux * = ( Ey. 6.1264) 
Por Porseuille Low (Ph a Eube , v= O, andl hereføre 


- 2 Uz, 
Tr = F S 





Since 
" c PAP 
" * ee. L (ey ] (Be. 6.154) 
aud VF IV where V is the mean velocity , it follows 
That AV a = VF 
2r ET 


Thus, at The wall ( -»&) 


s = FA 
D RS ban AR 
and with (pz TKR*V 


(Th 2 eel | m 


TR” 


O ey |. Ses tom Gom t) 





R ( ©.002 ,, ) 
- 2.08 fa 
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6.102 An infinitely long, solid, vertical cylin- 4L V-=0 
der of radius R is located in an infinite mass of e t 
an incompressible fluid. Start with the Navier- a 7 


Stokes equation in the 0 direction and derive an 
expression for the velocity distribution for the 
steady flow case in which the cylinder is rotating 6 
about a fixed axis with a constant angular velocity 

€. You need not consider body forces. Assume 

that the flow is axisymmetric and the fluid is at 

rest at infinity. 


em 


For This flow field , V.:0 Vz=0 and from The continuity equation, 
J 





/ 
4 Ew). 1295,99. 
F sà3. "TF 38 3 (Eg. 6.35) 
it dollows That dv 
o E ( $ee Ligure hr bidaiión.) 
20 


Thus, The Navier- Stokes eguation in The 6-divechon (£9. 6./28h) 
for steady flow veduces Eo 


k i a Il x àV& | Ue 
oz - pul eH 2-3 RJ 


Due to The Syrmme try of The How, 


E T a 
T ge °° 
So Tha 
L3 51.» xs 
F ók a x 
Or 
2^V$ Ad W &— 
ppr F ak "ue 7 on 
Since V. is G function of only P Eg. (I) Can be 


Expressed as an ordinary differenhil eguaton, and 
re-written as 





d^ va d f v 

Gre ap (2 ) E (es 
Egua tion (2) Can be integrated to yield 

d va 3s và = €, 

F H- 

or 

fe ae wus QF (3) 

(cont ) 


(conZz ) 


Eguationr (3) Can dbe expresses as 
d (Fus) . 
cik 
and & second integration yields 
bk 7 = C, ^? 


Cr 


=e tS 

n . 6^, 6 

VaT TT F 
As F—?e5, EUR O, Since fluid ts at vest at aa 
So Tha 1 C =0 Thus, 

Wu a x 

e F 

and Since at FER, V= RW, i4 Follows hat S7 Ka 
Aet 
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*6.103 As is shown by Eq. 6.150 the pressure gradient Compare the pressure drop over the length £ for this nonun 
for laminar flow through a tube of constant radius is given 
by the expression: 





form tube with one having the constant radius R,. Hint: [o 
=e this problem you will need to numerically integrate 
the equation for the 
d Em q pressure gradient given above. 
oz rR’ 


For a tube whose radius is changing very gradually, such as 
the one illustrated in Fig. P6.J03it is expected that this equa- 
tion can be used to approximate the pressure change along the 
tube if the actual radius, R(z), is used at each cross section. The 
following measurements were obtained along a particular tube 








BH FIGURE P6./03 


From The eg ond tion given for the pressuve gradient, 


f^ e f 7 [&z)]* " 


gind) 


Since (The nm "an (£o fellus That 
Ap= ue f’ [ke] da 


or, with Z*- Z/A ana fe*= R/R,, 


/ 
Ap= IERE | (R=) "azt 
TR 
For a Constant radius tube ( see Eg 6.151 ) 


P=R, WR, * 


l 
Ap (nonuniform Tube). [fe JE 2^4 
Ap (uniform tube J j 
This Integral Can be Cvaluated numeriea] 
USING The trape hoidal rule, 


I-12- Gjet hop, ) 7 
G a E c "E P 


So That 





Lie. 
pA w here 
xe z“ 


(con "E 
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(Con td 


zig R/Ro (R/Ro)^-4 
0.0 1.00 1.00 
0.1 0.73 4.52 
0.2 0.67 4.96 
0.3 0.65 5.60 
0.4 0.67 4.96 
0.5 0.80 2 44 
0.6 0.80 2 44 
0.7 0.71 3.94 
0.8 0.73 4.52 
0.9 0.77 2 84 
1.0 1.00 1.00 


The 
Usima the tabulated clata above 
4 Mort ride Value of The integral ms FS2. 


Thas, 


Ap (nonuniform Tube) - m 4 
“Ap (inher Cu) 70 
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6.104 A liquid (viscosity = 0.002 N-s/m?; density = 1000 
kg/m?) is forced through the circular tube shown in Fig. P6. 

A differential manometer is connected to the tube as shown to 
measure the pressure drop along the tube. When the differential 
reading, Ah, is 9 mm, what is the mean velocity in the tube? 


pee m 






Density of 
gage fluid = 2000 kg/m? 


B FIGURE P6. 


Assume laminar flow Jo That 
. R' Ap 
y- ^A (Eg 6.145 ) 
for manometer (see figure) , 
P T gdh E "v áh =A 


or 
P-p=Ap= 4h Ciyp-t)= RO e) 
z (o. OO $ m )( $. 4l F) (2o00 £ e ind) 
= 93 & 
n 
Thus, | 


_ (2.886 m) (783 x ) 


$ (0.002 <=) (2m) 


-2 
/.10 x l0 


v3 


Check Reynolds number to Confirm thet flow i lammar : 
pe BERS. (10° *8 ) (1.40 X10 *) (6, 00400) 

d 0.002 Ma 
tin * 


-r 


= 42,0 < 27e 


Sace Re < 2100 Flow 15 laminar. 
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6.105 An incompressible Newtonian fluid flows steadily between 


two infinitely long, concentric cylinders as shown in Fig. P6.105. Fixed wall 
Or onc 


The outer cylinder is fixed, but the inner cylinder moves with a lon- 
gitudinal velocity V, as shown. The pressure gradient in the axial 
direction is — Ap/£€. For what value of Vo will the drag on the inner 
cylinder be zero? Assume that the flow is laminar, axisymmetric, 
and fully developed. 





FIGURE P6.105 


Egua bion 6.77, Which wes developed for flow m Circular Tubes. 
applies in The annular res (on. TAUS, 


EN. cf 
27 Yn P) chart (T9 


With boundary condi hons bh, VO, and =Ñ) Uz = V, 
(t follows Tna t : 


} 


4 oP C2 

hin of)" + c, Lar C. J 
c ð * 

V m (2E ) r + e fnrt, (3) 


Sub track Eg (2) trom » ta obtain 


(22 ) (r2-r 57) + 6 4. E 


cte A) 
( Us 


Z 
So Nhat 


o 


[he drag on The sher Cylinder will be zero it 
(Ta) per =< 


Since. he à V. P E 
Cpe. # è ðr 


it Y allo uk Tha t 
A B 2 Us 
F 2r 
(con's ) 
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(£5. 6./26 1 ) 


and with Y= a, 


[6405 | (toni) 
D,fferenti)ate Eg. (/) io: f m ig F £e obtain 
aM, _ 
à. xh 
$o That az p= f, * 


MZ SPP 
PAR "ptt M 


ec Y 
=> 
3 

T 


Thus, |) order dor The crag to be Zero, 


L (2E )r + eS B 
bh. Xn = 
C Vy 


~~. + fe 29 ry 2 
i" EEGEN] 
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6.106 A viscous fluid is contained between two 
infinitely long vertical concentric cylinders. The 
outer cylinder has a radius r, and rotates with an 
angular velocity w. The inner cylinder is fixed and 
has a radius r; Make use of the Navier-Stokes 
equations to obtain an exact solution for the ve- 
locity distribution in the gap. Assume that the 
flow in the gap is axisymmetric (neither velocity 
nor pressure are functions of angular position 8 
within gap) and that there are no velocity com- 
ponents other than the tangential component. 
The only body force is the weight. 





The velocity distribution 1m the annular space is given by The 
eq ua tion 
Us mL o. f 
8 n T- 
( See solution to Problem 6.94 for derivation. ) 
With the boundary condi Føns PAS Ue * O, Qu d 
F= i : v. TX 49 ( see figure fer hotation ) , it follows 








O 
From E3, u) that: 
E e. 
O> L -* = 
2 ra 
Mya = ley € 
2 r 
There fore 
: a aa 
C — 
i 2 
Ig 
ÍT 
AnA ne 
e y GO 
C, : 
id. 
|. 
rs 
so That 
mE ba 
Te p E 
pe 6 * po^ 
Fr E (t7 x) 
oy 2 
F | Ve 
e E k^ PS 
(| n) 
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6.107 For flow between concentric cylinders, with the outer 
cylinder rotating at an angular velocity w and the inner cylin- 
der fixed, it is commonly assumed that the tangential velocity 
(v,) distribution in the gap between the cylinders is linear. Based 
on the exact solution to this problem (see Problem 6./06 the ve- 
locity distribution in the gap is not linear. For an outer cylinder 
with radius r, = 2.00 in. and an inner cylinder with radius r; = 
1.80 in., show, with the aid of a plot, how the dimensionless 
velocity distribution, v,/r,w, varies with the dimensionless ra- 
dial position, r/r,, for the exact and approximate solutions. 


For a linear ve locity distribution ( approximate solution) 


VS (ew fh 
f? Fy 


4nd in non dimensional form 


= Fo Yo (1) 
Da § re 
E 


Fr The exact solu tion ( see Problem 4.106) 


y ra [ n^ 
6^5, re Mis 
[zb | 


Gnd ih "endi mensiena l Lorm 
r 2 =A 
Ve . e tm ee (+) (2) 
DÆ (|- rii ) o fo 
"E t 


For PENA) 1n QnA B= born. Some te bu Ja ded Values 24 d 
a graph are Shown below. Note That fhere & little 
difference between The exact and approvimete Solutions fer This 


Small Jep width. For all Practica Pur pases Lotn solutions fa 
on tne Single curve shown. 








E 1.000 4 
Linear Exact | — . 3— 1] 
Vo / To tO Ila QAO BID «ferrets 
0.000 | 0.000 | 0900 
| 0.125 | 0.131 | 0.913 ,,0.960 4—- 
| 0250 | 0260 | 0.925 acre, 
0.387 0.938 
| 0.500 | 0.512 | 0.950 $308 
| 0.825 | 0.837 | 0.983 | 
0.975 0 800, Mia | 
NS 0.000 0.500 1.000 


| 1.000 | 1.000 , 1.000 


Ve [Ka 
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6.108 A viscous liquid (gu = 0.012 ]b-s/ft?, p = 1.79 
eet flows through the annular space between two hori- 
zontal, fixed, concentric cylinders. If the radius of the inner 
cylinder is 1.5 in. and the radius of the outer cylinder is 2.5 in., 
what is the pressure drop along the axis of the annulus per foot 
when the volume flowrate is 0.14 ft?/s? 


Check Keyno/ds number to determine if Flow 1s laminay! 








D 
R= PLA 
T Q 
where Ds Aot) and yo —*_ 
k 2s) T Cn- p?) 
Thus a 20 © _ 2 (179 PANT ze, 
Ft PET 
=> 34.4 « 2100 E 


Since The Reynolds number ıs well below Zioo the How 1s 
laminar | Qn 


. Jt 4 PO 5*5 l-r?) 3 
Q= yu $ls up on J Ur FM 














n v 
that i 
EE JA d 
T 7 
f Bn. er 
ty te 
Ib. $ 
- 9 (6.0/2 "zz. (0.14 eR | 
> 4 ' SIn l. Sin 
(agi) (i (E Cre) |” | 
Ft Tt 0, 2.5 in: 
l.S Ih. 
= 33.1 i per ft 
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6.60 
6.109 Show how Eq. 6.155 is obtained. 


From £9. 6.147 


Lo BP E. &. It 
vgs i (Bt Ghat +G (Eg. 6.147) 


for flow /^ 4n anadlus | 74 70 al F=K and 


VES Ba ES Thus, 772777 E. 6./47 


pu e) + C lhak T 
s 2 | 
O^ "e T C, TA T. 


GHA Solving for CO tha G We have 


"x25 ) (6? - 4? 





e e Jets) (1) 
ln (F 
ake FÉ (2) 
-al ( 5^» hn] fe) ln » 


Substitution of £45. (/) qnd (2) into Ey 6.147 Gives 


a R[F- ? + oe ng 


Y. 











hith 15 the desired Cguation (Eg. hiss) j 
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6.110 A wire of diameter d is stretched along the centerline 
of a pipe of diameter D. For a given pressure drop per unit 
length of pipe, by how much does the presence of the wire 
reduce the flowrate if (a) d/D = 0.1; (b) d/D = 0.01? 


the volume flowrate +s Given by, F4. 6./£1 





e » i T : (n> re)" | tE 6,154) 
» aR |N h ps $ 


Which Can be written 45 


ps Zh mee «iiu [1- li NT zi 


SM Fo In (4) 


Hule 4 = £ j Eg, (|) Cah also Je Wri Hen AS 
SAU — 
o he i- Gy EB) a. 
ad In( 4) 


No fe That "oy 2 =O Í fne wipe.) 
.o 754p 
e SM 
Which, Cor responds Jo Poseu lles Law (Eg 6. / $1). 


(QA) By B= 6, /, Ee (a FIVES 


fe [. l jJ^ 
Dp: Ue? E - (o1). EA iw | - O.5TP 
SMR ln (2.1) 

Thus, foy The same Ap the tlowrate ıs reduced by 


fo Veduction 18 = (J— 0574) x 100 = ATA 
C5) Si larly, fir E = 0.0/ £9.02) I 
p ZT,- ony’, CL 091. one 


ln (0.01) 


Ana of, reales e D  - 0.783) % 100 = 21.7% 











No Le That Thre presence alt CRA a very Small wire along 
The. Jue Centerline has a Sign cant effect On The tlowvate 
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7.2 Verify the left-hand side of Eq. 7.21s dimensionless using the 
MLT system. 


D 
d - (£2). where D=L, af = A >, 


pe 


Thus, 
TE + i, 5 L)- = MLIT 


That is ve is dimensionless. 


— 


, M 
= = 


J 


and V= 


£ 


|: ees = 


7.3 The Reynolds number, pVD/u, is a very important 
parameter in fluid mechanics. Verify that the Reynolds number 
is dimensionless, using both the FLT system and the MLT sys- 
tem for basic dimensions, and determine its value for ethyl al- 
cohol flowing at a velocity of 3 m/s through a 2-in.-diameter 








pipe. 
pt 2 ET Hd. 06,0 T. O 
Keynolds num ber = fue (ELIT I BI 
= (11) 47) (4) á MIET” 
MI Len — 
For ethyl aleoh igx” SS ang 
or eThyl alco ol A= = 
P=789 of 


Thus 
pyb (781 ŻE )(5 ZZ &) (0.3048 zz) 
nm M Tg 


[.14 X1p7 3 NS 
mn * 


- Làlxib? 
l 


7.4 What are the dimensions of acceleration of gravity, density, 
dynamic viscosity, Kinematic viscosity, specific weight, and 
speed of sound in (a) the FLT system, and (b) the MLT system? 
Compare your results with those given in Table I.1 in Chapter 1. 


ve locity he es 
Him e $^" ) 


í dex MASS 2 AL OEI*.dí. EBOMLTO 
pe density unit Volume L3 Le [tees 


ó a accelera tion of gravity = 


-2 


M = Cynamice Viscosity = Velocity Grachent T iw T 


' ‘ m 
dynamit VIS C05) ty a PE ds I 

















xz Rinematie Viscosity = ~ density ETLI T 
bd ; weight s. F = (LT), MT 
xy = Speci tic weight = Hatt Velume [3 L3 F L2 
GC = 5 peed of Sound = Length = L 
tim e E 
Thus, 
(a) th the FLT system, (b) ih The MLT system, 
siir” $93 4I 
= à; ~3 
pz EL i a ps Mt 
$ -f mi 
> FPO °T > MLT 
/ . 2, — | ^ 7 2 —/ 
y= EFI T A L 4 
pa ye uier 
& 8 ny ca Lr! 


7.8 For the flow of a thin film of a liquid with a depth h 
and a free surface, two important dimensionless parameters are 
the Froude number, V/V gh, and the Weber number, pV*h/c. 
Determine the value of these two parameters for glycerin 
(at 20 °C) flowing with a velocity of 0.7 m/s at a depth of 3 mm. 


sm 
OI = 
= = 6 


JV (9.81 %3)(0.003m) ————— 


A 
(1260 hs )(e V) (eonim) | 243 
6.33 “Jo 


-2 x j— 





7.6 The Mach number for a body moving 
through a fluid with velocity V is defined as V/c, 
where c is the speed of sound in the fluid. This 
dimensionless parameter is usually considered to 
be important tn fluid dynamics problems when its 
value exceeds 0.3. What would be the velocity of 
a body at a Mach number of 0.3 if the fluid is: 
(a) air at standard atmospheric pressure and 20 
°C, and (b) water at the same temperature and 
pressure? 


(Q) V 2 06,3 
C 


For air at 20°C c= 3433 2 (Table B4 1» AppendsB) 
So That 


V= 0.3 (393.3 7) = 103 FZ 


(5) For Later at Zo°C | c= /¢8/ ri l Tath 8,2 im r-—) 
55 That 


V= 23 (ye) $) * ws 2” 
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7.8 The power, 9^, required to run a pump that moves fluid within 
a piping system is dependent upon the volume flowrate, Q, den- 
sity, p, impeller diameter, d, angular velocity, w, and fluid viscos- 
ity, sz. Find the number of pi terms for this relationship. 


Given that P=}(Q, 0 d, w, yu) 

where (see Table L1), 

Q2FL/T,QpeM/AMR Fr deL, ww? VT, and 
M = FT 

Thus, k-r=6-3=3 since there are k=6 yariables and r =3 
basic dimensions (MLT) 

Hence, if takes 3 pi terms © T = Ua, To) 


“49 


7.9 For low speed tlow over a flat plate, one measure of the bound- 
ary layer is the resulting thickness, 5, at a given downstream location. 
The boundary layer thickness is a function of the free stream veloc- 
ity, V.., fluid density and viscosity p and z, and the distance from the 
leading edge, x. Find the number of pi terms for this relationship. 


B sd 
Given thal 6 a T d 
= V, E C EET 
ó f » LY x) |» 


where 

$2L, Wie, 0248, we zp, and X31 

Thus : there are & variables and 3 basic dimensions (MLT) 
so that 

K-r 25-3-2 

Hence, 2 pi terms are needed: 7 =0(n,) 


7.183 The excess pressure inside a bubble (discussed in Chapter 1) 
is knownto be dependent on bubble radi us and surface tension. Af- 
ter finding the pi terms, de&ermine the variation in excess pressure 
if we (a) double the radius and (b) double the surface tension. 


Given Ap=t(R,o), where ap fis Z5 R 2L, and 
E 


cre 4—- 


L 77 


Consider the (MLT) vnits so that 

k-r=3-3=0 smæ there 3 variables and 3 dimens/ons. 
According to this there should be k-r=0 prterms !? 
However, if we consider the (FLT) units we see that it takes 
only F and L, Tis not needed, so thal r=2, 

Hence, k-r = 3-2 =I, so only | pi lerm is needed. 

That is , as constant 

To determine 7, consider 


T= DpR cr? or 


3 aaa 
ApR"r* 2 I^ (EJ er e 
Thus: 

F: ltb=0 

L: Q-b-2<0 


or b*-l and a=b+2 = l 
Hence M= ^ F — or aps - C, where C *consjant. 





Or 

ap = Fe | 

(a) If Ris dovbled, Ap 15 reduced by half. (See £e. tI)) 
(b) TF T is doubled Ap is dovbled. (See Eq, (1)) 


(1) 


Z7. 


7.131 Itis known that the variation of pressure, Ap, within a static 
fluid is dependent upon the specific weight of the fluid and the ele- 
vation difference, Az. Using dimensional analysis, find the forin of 
the hydrostatic equation for pressure variation. 


Given op =Í Y aZ) 

where | 
apt 625, and az2L soda! k-3andr-2 Ge. £2) 
T hys, 

k-r = 3-2 21 so that fhere is only | pi ferm: 7] 7 C consfan! 


Consider 

a b ./FEw rV, b !*à ,(-2-3a4b) 0,0 
7; "Ap AZ * (7X) Æ) (L) =F L af E 
Hence, 
F: /+q=0 


L: -2-3ath=0 
so that Q=-/ and b =243q =2-3=-/ 


Theretore, 
7) 7 Ap Jaz =C 
or 


af =C az where C= constant 


Through experimentation it is found that C=1. Note that this 
agrees with the material in Chapter 2. 
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7.12 | Ata sudden contraction in a pipe the 
diameter changes from D, to D,. The pressure | 
drop, Ap, which develops across the contraction 
is a function of D, and D,, as well as the velocity, 
V, in the larger pipe, and the fluid density, p, and 
viscosity, 4t. Use D;, V, and y as repeating vari- 
ables to determine a suitable set of dimensionless 
parameters. Why would it be incorrect to include 


thé velocity in the smaller pipe as an additional 
variable? E 


Ap= f(D, D yA) 


Ap3 FL" D3l BL YLT” ps Fer? = FLAT 
From The pi theorem, 6-323 dimensionless parameters reg uived. Use 
D j y qnd JL. as repeating variables, Thus, 

a,b c 
w* eq PA 


es C. oro 
ut )* Car)? (re T) 9 ELT 
SO That 

/+C=0 (for F) 
-~-2+atrh4-AC=O (fr L) 
— 54 686 (for T) 

tt h llows That Qi jet, eno 5 qn el here pore 

ys Abe 


| VA 
Check dimensions using MLT system: 
b D, (MUI TTL) E 
A D é i att ) Mp) 5 Ok 
Vm CET PIT 


For Hy ! m: D D Vu 
g S2 t 


t aI ar FCO 2 Fur 


C-o 4 F J 
lr etb-2cc-o (hr L) 
eub d C 9 ( fev TJ 


zd to/louls Mat @=-/ , b=0 
ie = 


c=0 ) anid There Lore 


T 


Sp 


(cont ) 


11? ( Cont ) 
75 15 obviously dimensionless | 


Foy T ; G L C 
37 74 V Au 
(E L*r2)(L) ar) (pirer) pp 


[+e =o (for F) 
—$+a+5-20=0 (for L) 
2-b +c =o (daa T) 
If follows haz C zd, Bey, =~/ qand Merefre 


- V 
Cheub dimin£wus using MLT dien 


^2 V E (ML3)CL)(LT 4) Pdl 
/A Ai T7 "NES 


-4 (R) 
From The => eguation , 
VED YTD 
LO heve Y. 1s The velocity im The smaller pipe. Since 
[D >32 
: A " V 


V; 1s not 1n de pendent of D, b and V and Therefore 
Should not be included as Fa independent Vaviable. 





| OC 


Thus, 











y 


m i 


— Of the acceleration of gravity, g, the average depth of the wa- 





743 Water sloshes back and forth in a tank as shown in Fig. 


P7,13.The frequency of sloshing, w, is assumed to be a function 


ter, h, and the length of the tank, €. Develop a suitable set of 
dimensionless parameters for this problem using g and £ as re- 


peating variables. 
—M — — B FIGURE P7.13 





co-f(3,4,4) 
ops 13 ETT Arsi kores 


From the pr theorem , 4-2=2 dimensionless 
Parameters Feguired "Mag E, Qna L as re peating 
Variables , Thus, 


T,= w4 7" 
ana 
(rT) 
So Thet Em Legi 
= Se (bee 7) 
Lt follows That z= we and dherelove 


EU Wr 


sad 


ci heck dimensions: 


1 
z ea 
Eee 2h 24 
L peer ite L'T- 
Fr- rig tb +10 (fer L) 
T+ te Hows. Inat & -5, b LIÉ hy and There lore. 
| E 
|. ioci. I, = a 


and WW ks ebvisuk] y dim ensi less. Thus, 


AREA) 


7 -[l 


ZI 


7./4- Assume that the power, 9, required to 
drive a fan is a function of the fan diameter, D, 
the fluid density, p, the rotational speed, c, and 
the flowrate, Q. Use D, c, and p as repeating 


variables to determine a suitable set of pi terms. 
3 


P= FCO’, A) 


P+ FLT” DL pesEL'T*' cST 


Q3 usr 
From The pi Theorem , 5-3=2 pe terms reguired. Use. 
D, C) and p as repeating variables. Thus, 


m=- 0 Dw p 


c 


ana | 
| "AL. n : oJ oro 
(rir) (r) FE T=)" > FLT 
So That 
L ŁC =0 ( for F) 
/ ta -fC =0 ller L) 
-|-b +2c =o (for T) 
Zt follows That A=-5, b=-3, C=-!, and Thewtore 
ae | 
| 77, > D°a)? 
Check dimensions using MLT sys fem ` 
(f E ot — M'L'T? —.: OK 
^ 557? (mu?) l)? {po}? 
For dS 


T, = Q Dw pt. 
( 15377) (4)* (r7) (ec*72)* 9 Per" 


C 3o (for F) 
3+ a - 40 =0 (for L) 
-[-—Lb t2c^o (for T) 

(Cont ) 


et 


Z2 


(con't) 


Z1 follows That a=-3, bt 6e. 4nd Therefore 


k aia 
17 Do 


Check dimensions using MLT System -' 
ET 
Ge. oa 2 MLT? . Ok 
Dw IIT G 





Thas, 
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7.15 Assume that the flowrate, Q, of a gas from a smokestack is a 
function of the density of the ambient air, p,, the density of the gas, 
Pa Within the stack, the acceleration of gravity, i 
diameter of the stack, h and d, respectively. Use p,, d, and g as re- 
peating variables to develop a set of pi terms that could be used to 
describe this problem. 


Q* ^ (4,5, $, 4, 4) 
Q3 Ur" A 3 4c? G AC? ger kel dsl 
From The pi theorem, 6-3=3 pc terms required. Use 
lai d and 4 as repeating variables. Thus, 


T= @ fe d° gi 


and 
& b = . "PI RE. 
[rb fu) ur aut 
So That 
qZ=a Oo C= M) 
S-~34tb+ C=O (for L) 
~/=-2C = 0o Cha TI 
It follows That &-0, 5x- $ C= 73 and therefore 
UE = 7 
B* y 


Check UMEAREN using FLT System jJ 
Q <8 a 


ea, =, aa ee = FALT? d oak 
dg (P (LT) 


(cont) 


P IT 


415 


(Cont) 


For T; ' « ,& C 
Maly fa t g 


(A43 ) (r41-3)* a aTr» Ae M'LT? 


|t «&-o EE M) 
-3 ~J&+b+ C =O (for L) 
-2C =0 (for T) 
Lt follows That Qz-l, b-0, C70, qnd Mere ore 
TI. = n 
| 2 fa 
Which (s obviously dimensionless. 
for TJ. ` a 
Hm 4A d'a " 
a, 
(L) (mi?) (L)* (11-95 2 Mor? 
Qa 7o (for M) 
/-3a4-b4 Co (o o L) 
— 2C-o ( fer 7) 


It follows That | &-o, bz-l, C20, end Therefore 


4 
fs Wi 
which 1s obviously dimensionless. 


Thus, 


0 _ 1/4 4 
goes g (4,4) 


VAS 


| 
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7. The pressure rise, Ap, across a pump can 
be expressed as 


Ap = f(D, p, œ, Q) 
where D is the impeller diameter, p the fluid den- 
= sity, œ the rotational speed, and Q the flowrate. 
Determine a suitable set of dimensionless param- 
eters. 


dps BLU sl ps FE T 


ays TT 


From the pr theovem, 5-3= 2 pi terms reguired. Use 
D, A, and w as repeating variables. Thus, 


& 5. 





, and There fre 


and E a E E y A E O EE T S. 
aa dhe l'ex etn) (T^) ep EF 
|t b-o 
—-2 t4 —45-0 
db- cC =o 
It to /lows That Ze "E, bm urna 
=- P 
T 


Check dimensuns using MLT system ` 


| 


AD. AMT 





Drs? (t) MEINI? 


For 7, : Ži e 
me PD pw 


M Horty. 


(Er Ma (entro) lr t) 9 Ru 


b-o 
3p 4-'fozo 
—|42b-C-—o 


Tt follows That a=-3,b=0, c= -/, and Therebre 





tT, 2 


- D*« 


Check dimensions USING MT system 


Thus, 





po MrH 


A 
sap d faar) 





7 -/ó 


MD uo LT => Moro 


Q= jr 


(hr F) 
(r L) 
(for T) 


“OA 


on Fe) 
(for L) 
(for T) 


ne OK 
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7.47 A thin elastic wire is placed between 
rigid supports. A fluid flows past the wire, and it 
is desired to study the static deflection, ó, at the 
center of the wire due to the fluid drag. Assume - 
that 

ô = f(f, d, p, u, V, E) 
where Cis the wire length, d the wire diameter, 
p the fluid density, x the fluid viscosity, V the 
fluid velocity, and E the modulus of elasticity of 
the wire material. Develop a suitable set of pi 
tenns for this problem. 


S=. #21 del p= FLT? fa FLT yeiT Fè m 
From. The pe Theorem , 7-3 = 4. pf terms reguired, Use | 
d, V, and E as repeating vaniables. Thus, 


m= A V E" 
and ; c _,)4 c 
i (LTI (Er) = Fr’ 
ei 
"T C 0 . (for F) 
lta +b-~2EC=0 [før L) 
-b =o (for T) 
Lf folbes hat a=-l, b=0, C=0, ang Therefore 
sub 
Me d 


Which is obvieusly gi mensien less. 


tor Th: | 
2 - b 
7, = kdv E" 
4nd ds fer Th, , @=-l, b=0,076 So That 


pa 


Jd 
pep idi b -C 
mpd V E 
CE LAI LT © fep-*)* 5 FLI r” 

/*C =0 GE, F) 
—#¥ #2 46-26 =0 kär £j 
Aap =e (hr T) 

( Con t) 
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(coni) 


tt follows that 4-0,522,c--l, and therefore 
a. 3 | 


Check Sito USING M LT sys tem ` 


AY. of a ML? J^ UK 
E MUT | 
för My: Bh 
" = S c 
K ^ : " j c pejor? 
[RETIA F TET S FELT | 
Ire =o (for F) 
—-2+atb -RC =O (for L) 
I— 4 =0 (fer 7) 
Lt fellows That a= -4, &=1, C7-l, and. therefore 
m: A 
c h tf dimensions using MLT system -` 
em fi Su ttl ed 
V a MET MAT) 5 mpre ok 


MU E as T?) 
Thas, 


7.18 Because of surface tension, it is possible, with care, 
to support an object heavier than water on the water surface as 
shown in Fig. P7.18. (See Video V1.9.) The maximum thick- 
ness, h, of a square of material that can be supported is assumed 
to be a function of the length of the side of the square, £, the 
density of the material, p, the acceleration of gravity, g, and the 
surface tension of the liquid, c. Develop a suitable set of di- 
mensionless parameters for this problem. 





h = fA, f 4, T) 
kab Él pipir gabra Os FL! 


From The Pi Theorem, 6-5- Z fi terms reguired, [se 
f, g Gnd / es repeating variables. Thuas, 


m= & Lg" 


e i G MAN ATA Sf tra “et POT 
(V. Es wu oe FJ 
lt áa Tb—uc zo (for L ) 
92b $2 c. Iw (for T) 
t+ Z llaws Tha al 5-0, Czo, Qua There fore 
= $ 
Which 4's obviously Simensjon less. 


Fer TL, L 
2 7, = a 


Cru (172) * (et z+) E: pasty 


/ + C=0 (hr FJ 
—/-4-4 -—29679 (for +) 
(for T) 


— 2b + 2c 7o 


LE fellows That prng, bel, ces, and Therefore 


op LU. 
© «BGP 
Check dimenswas using MLT syskm ` ue 
O~ . (mt-*) a MLT S hh 


Agp ~ ENUT) 
4 | e 
£f) 


JY 





Thus, 


y» T9 


| 7.44 Under certain conditions, wind blowing past a rectan- 
gular speed limit sign can cause the sign to oscillate with a fre- 
quency w. (See Fig. P7.19 and Video V9.9.) Assume that w is 
a function of the sign width, b, sign height, h, wind velocity, V, 
air density, p, and an elastic constant, k, for the supporting pole. 
| The constant, k, has dimensions of FL. Develop a suitable set 
| of pi terms for this problem. 





w= $ (b, 4 V, fe, ^) 


H FIGURE P7.13 
dis TL eL Ash | Veit p3rCT All 
From the pr Theorem 6-3= 3 pi terms reguired , Use 
b, V, and A as re peus variables. Thus, 


HI a as 
Gnd or oro 
TEFA)" (LT) etre) S FAT 
So that | C=O ( hp F) 
A+’ -4¢ =O (for L) 
—-|-b tac zo | (Gy 13 
ti fo lous thet Q=1, "b Es O , 4nd There fere. 
Lb 
EL CAM 
Check | umes 5 
Fr t iok 
| Em. — Lünp 
LE ‘ 
UD - 4 4^ Vot 
“eco TE (PE*T) = pepe 7" 
es =O (for F) 
(| ta+b-4¥C=0 (for 4) 
-—- m a (fr T) 
fth bellows That & F1, bz O, C =0 , and There bre 
ri = 
which Ls Obviously climensioaless. leont) 
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Master Typing Sheet 
LO% Reduction 


41/19 | (Cont) . 
For Ta: 


| T= kb V P“ 
PEDE ep pejy 
(Sor F) 


| d-c --e 
[a & t b- "lC -0 (for t) 
~L+2¢ =0 (for T) 


at Follows. That @Q=-3, b=-2,C=-1, and There fre 
[EET "LET 
E: At gy 
| Check kals using MLT system? 
Ap 1 ML ra , $a s 
| Se Ses ot nae Le = [24 0€ 
Bey te OP CM a 


A Thuas 
aeee ay hee e IA 


J^. 
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7.20 The height, h, that a liquid will rise in 
a capillary tube is a function of the tube diameter, 
D, the specific weight of the liquid, y, and the 
surface tension, c. Perform a dimensional anal- 
ysis using both the FLT and MLT systems for 
basic dimensions. Note: The results should ob- 
viously be the same regardless of the system of 
dimensions used. If your analysis indicates oth- 
erwise, go back and check your work giving 
particular attention to the required number of 
reference dimensions. 


Ji S F ( D, V o ) 
Using PLT system : 
Sef pel ye roi os FL! 
From The pce theorem, 4-2= 2 pe terms regure. 
By Inspection | for 77 ( containing 4 ) r 
Which is obviously dimensionless | 


for 77, Ccontoining Y and g): 
| 


g- ' EL od 
= E e——— 5$ Jen 
My x OD? (FE3)(L)* 


Jl g- 
T” $ (A ) 
Using MLT system - 
=L Dt yz M T T= MT 
4l though There a ppears to be e be ference dun PASIORS, only 


2 redterence clhimensions ave actually reguired ( L and ^T^ 
to describe The vevmbhs. Sy inspection , for T, (see above) 





Thus, 


"mt T 
ancl for 7, ( ten toin ing "PY. c) . 
g ATT-* 





rios e AA LETO 


Th us, ( as a ave ) 


~ yp? (aer lt) * 


$6) 


did. 


Cat 


7.2! A cone and plate viscometer consists of 
a cone with a very small angle @ which rotates 
above a flat surface as shown in Fig. P7.2.]. The 
torque, 3, required to rotate the cone at an an- 
gular velocity, w, is a function of the radius, R, 
the cone angle, a, and the fluid viscosity, x, in 
addition to c. With the aid of dimensional anal- 
ysis, determine how the torque will change if both 
the viscosity and angular velocity are doubled. FIGURE P7.2] 





T= #(R, ot , A, o ) 
J3FL pul SPRI gob RTT ET 


P 


From The pe Theorem . 5-3- AZ pr ferms reguired. 
By inspection | for JJ, ( con taining ^. ): 
e 2 FA. = FALT”? 
Tr - poR3 (re r)(T ) (c)? 
Check using MLT ` m 
. 8T i ML*T 
MaR Cer Ur) (Ll)? 
The angle, ot, Can be used as Th since iF ts dimensionless 
Thus, 





sm. AEÉUL UFU ok 





y sce ii] 
H wR? 
T= paR” gia) 
I+ follows Mat i£ both pu and W are dou bled 
T will increase by a factor of ^. 


Or 
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7.22 The pressure drop, Ap, along a straight 
pipe of diameter D has been experimentally stud- 
ied, and it is observed that for laminar flow of a 
given fluid and pipe, the pressure drop varies di- 
rectly with the distance, £, between pressure taps. 
Assume that Ap is a function of D and £, the 
velocity, V, and the fluid viscosity, 4. Use di- 
mensional analysis to deduce how the pressure 
drop varies with pipe diameter. 


Ap= F(D,4,V,h) 
Ap Er? DL =L ys LT A2 FL*T 
Fran the pi theorem, 5-32 pi ferms reguired | 
B inspection for 77 (containing A p) 7 
S Ap? . Car Si E z 
AY (um v) 





poe 


a 


Check using MLT - 
, Apb  . (Met) (4) 
[V (MATET 
For TT, (containing £A): 
m: 5 
Which is obviously dimensionless. Thus, 
ap? 441) 
AY = #(S) (1) 
From The statement of The Problem, Ap h so That 
E.) must be of The form 
Apb _, 2 
P j 
LO heve < l5 Some constant . Tt Thus follows That 


—- M'L*T" «ok 


| 
Ap A 


hie a. given Velocity | 
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7.23  Aocylinder with a diameter, D, floats upright in a liquid 
as shown in Fig. P7.2 3. When the cylinder is displaced slightly 


along its vertical axis it will oscillate about its equilibrium po- sanas 


-— ome ou» wm oom bmi m 
S GE e e Re T 


sition with a frequency, w. Assume that this frequency is a func- 
tion of the diameter, D, the mass of the cylinder, m, and the 
specific weight, y, of the liquid. Determine, with the aid of 
dimensional analysis, how the frequency is related to these var- 
iables. If the mass of the cylinder were increased, would the 
frequency increase or decrease? 


H FIGURE 


wi T DL mè FLT? ys FUT 


From The pi Theorem G-3= ÍI f» term reguived, 
b. In spectre 11 


Check using ALT - 
to a er l =$ Apta p? 
D E = GE Pree 

Since There is only | pi term, it Follows That 


w ifm’ 
pH e 
where C is a constant. Thus, 


x 
w=: ED Ja 








From This result it Állaer that Æ ma is increased 
wo wll decrease. 





N 
l 


25 





Cylinder 


diameter = D 





Gh) A. odis ui. cm gm cdm ie ue ck a 


P7.23 


| x í A pT” ‘ oz) 
m B ey [are rr 


' OK 


à t 
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7.24 A liquid spray nozzle is designed to produce a specific size 
droplet with diameter, d. The droplet size depends on the nozzle di- 
ameter, D, nozzle velocity, V, and the liquid properties p, x, o. Us- 
ing the common dimensionless terms found in Table 7.1, determine 
the functional relationship for the dependent diameter ratio of d/D. 


(riven d =Í (D, v e, 4,7) S0 that k=6 ( there 6 variables) 
and r=3 (it takes MLT or FLT 1e describe them). 


Hence, k-r =6-3 =3 which means that 3 pi terms are 
needed. 
TM, = PM, m), where T- 2 js clearly dimensionless, 


With the independent variables (i.e. DV e, 4,7) if is clear 
that the Reynolds number canbe one of the T terms. 
Hence, set T, = OVD yu. 


7; must include the surface tension ) g SINCE it does nor 


/ 


appear in 7j; or Th.. Based on the information in Table 7| 


it is seen that the Weber number, We can be the other 77 term, 
Hense, set T; = eV D/A 


T hos, 

VD ov’) 
£e, epo 
or 


£ - (Re, We ) 


4-2. b 
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7.28 The velocity, c, at which pressure pulses travel through arter- 
ies (pulse-wave velocity) is a function of the artery diameter, D, and 
wall thickness, A, the density of blood, p, and the modulus of elas- 
ticity, E, of the arterial wall. Determine a set of nondimensional pa- 
rameters that can be used to study experimentally the relationship 
between the pulse-wave velocity and the variables listed. Form the 
nondimensional parameters by inspection. 


c= FCD R PE) 
cè LT” pel AzL p= PRET” ES PEA 
From the pi theorem, 5-3=2 pi terms reguired, 
By inspection , for Th. ( containing gj 
mpa cy? = s fir I (F4 Ir ó peor? 
E (AL) “2 
Check using MLT: 


m iz. | (er (ar) 
7-228 mcr Jr 





ALI TC 








For Th let 
| si £ 


which 1s obviously dimensionless. Thus, 


[E -s (4) 
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7.26 | Asshown in Fig. P7.26and Video V5.6, a jet of liq- 
uid directed against a block can tip over the block. Assume that 
the velocity, V, needed to tip over the block is a function of the 
fluid density, p, the diameter of the jet, D, the weight of the 
block, W, the width of the block, b, and the distance, d, be- 
tween the jet and the bottom of the block. (a) Determine a set 
of dimensionless parameters for this problem. Form the di- 
mensionless parameters by inspection. (b) Use the momentum 
equation to determine an equation for V in terms of the other 
variables. (c) Compare the results of parts (a) and (b). 





B FIGURE P7.24 


(4) V £ (p, D, w, b 4) 
y:LT" peFELU'T* Del WF bel del 


From The Pi Theorem J bi 7 3 Pi terms F efuired . 
. “By a for AH ~C containing V ) 


rel ti (PEE) ver 


Check sins MAT S Cr 
-0(L)]]/ 403 } = yer 
yp ye M Hee) NU] 





zb 
EL PA IM 
ara | der 
ET do 
i dba "ded T. -P 


Gna P Ta ana £^ Gre obviously dimension less 


| Thus, | 
C^ Ea 


ó For AR tipping avound o 
2 (1, =e 


Ed = Q(z) (1) 





P|) se that 





| (Con +) 
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ek mernen barn bait dade sls using The CV shown 


z ur 
S dee dA + FF 
| Hi P vta F 

Tus, dora Fg. (i) 
un Z2 


sar {He e 
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— ie 
( 2.) 
| emp da 
| Hj 
n ane (2) Can be written as 
£3) 
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7.27 . Assume that the drag, 9, on an aircraft 
flying at supersonic speeds is a function of its 
velocity, V, fluid density, p, speed of sound, c, 
and a series of lengths, €,,... , 0;, which describe 
the geometry of the aircraft. Develop a set of pi 
terms that could be used to investigate experi- 
mentally how the drag is affected by the various 
factors listed. Form the pi terms by inspection. 


e - f (v, p, C) k rum 4; ) 
JE VeT! ps FLTT* czIT7 — ff lengths, 4 >L 


From the pi Theorem 7 (yti )-3 = [+l pi terms veguired, Where 
L 4$ The number of length Terms (1742 8, ede. ). 
By inspection ) for 71, (confeinmg oO) - 








Le F ! 
4. — oT E = fe Ope 
L r4 (ec tror á 
Check using MLT ` . 
2 = T s AT 8% 


^ V> > (MLÀ( LT7) * (L)* 


Fer 7L ( containing co) : 


2€ V 
m= ok c 


and both ave obviously dimensionless | 


For all ether pt terms containiig a; 


T= 4p 


and these terms involing The Ls are obviously dimensionless. 


Thus 
| o0. T V A. 
PVA s EE) 








Where St 1s a senes of pi terms, 4s ts ete 


} 





*7.29 The pressure drop, Ôp, over a certain length of hori- 

zontal pipe is assumed to be a function of the velocity, V, of the 

fluid in the pipe, the pipe diameter, D, and the fluid density and 

viscosity, p and x. (a) Show that this flow can be described in di- - 
mensionless form as a “pressure coefficient,” C, = Ap/(0.5 pV iT... V, ft/s | Ap, lb/ft? | 
that depends on the Reynolds number, Re = pVD/p. (b) The fol- ——— — 
lowing data were obtained in an experiment involving a fluid with 
p = 2 slugs/ft®, 4 = 2 x 10^? Ib. s/f?, and D = 0.1 ft. Plota 
dimensionless graph and use a power law equation to determine 
the functional relationship between the pressure coefficient and 
the Reynolds number. 





(c) What are the limitations on the applicability of your equa- 
tion obtained in part (b)? 


(a) |». 4p7 fF (V, D, P ki 
Dire fer Nk Ed FRE E Me Fee 


From The Pi Theorem, 5-3- Z pi Herms Feguired, 
By laspectioin for TT, TY, i 


> -2 
=e Sp SE = PLT? p, ok 
Pye tee ete yo ® 
Check using MLT systern” 








4p, MENT | = Ml’T* n o 
z (Mi3)(tT* 
For To? | -4 * o 
op z- T PYD E (FL * 2)(LT Vy = er Ok 





HaT F- g LECT T 
Check using MLT system : 
Ze = (ML3) (L1-)(0) .. za IIT un Ok 
(L7) 


Thus, ‘Ap |. à pare) 
pv* xe 
“we 
Since d ks an unknown Functon | 4 Factor 
of 0.5 can be jncluded 14 T, (if desired ) so 


that = 4 (7) 


as EN 
Thus, Cp = d Cis) 
Lehere C, 15 The pressure coeficient and Ke The Keynolds 


Num er. 
Ce on t) 


Tes 


Aar] Cean 2? 


(b) — A data gwen, 


ret ern eb 
UN igit (6.2) (2 = V? ys 


än ] | 
lp = AYP = 2 C2 Mv) (0.1f) pov 
€ I? -3 Ibs 

ZXI10 TERM 
Tabulated values for Cp ana Re ana aplot of 
the data ave Shown below. 


V. ft/s A p, psf Re Cp 
3 192 300 21.3 
11 704 1100 5.82 
17 1090 1700 3.77 
20 1280 2000 3.20 


C, 76387 Re! 9. — — 


E 
= 
© 
O 
$ 
@ 
o 
O 
Q 
= 
0 
V) 
o 
CL 


500 1000 1500 2000 2500 
Reynolds number, Re 





The. Power law relationship hs 


176357 "m 
C, | Re 


(C) Based an The varia bles Used and the Fiven data, 
EET the -empirica t relatonsh:p, Ez. (1) , would only "e 
| | appl cube Ju ye - Bedoelds biis range. 
d TI^ 300 S $ Re « Zooo 


Woke: Al though the e dadonh might ia va hal ducis 
- us range, results Should not be ex tra pola led 
begon d The range of deta used. 
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7.30 The pressure drop across a short hol- Plot the results of these tests, using suitable di- 
lowed plug placed in a circular tube through mensionless parameters, on log-log graph paper. 
which a liquid is flowing (see Fig. P7.30) can be Use a standard curve-fitting technique to deter- 
expressed as mine a general equation for Ap. What are the 


limits of applicability of the equation? 
Ap — f(p, V. D. d) PF : 3 
where p is the fluid density, and V is the mean 
velocity in the tube. Some experimental data ob- 
tained with D - 0.2 ft, p — 2.0 slugs/ft, and 
V = 2 ft/s are given in the following table: 


d (ft) 0.06 | 0.08} 0.10 | 0.15 


Ap (lb/ft) | 493.8 | 156.2 | 64.0 | 12.6 





FIGURE P7.30 


Apa Fi? port "r* year pil dB 
Fom The py Theorem , $7322 pi terms yeguired «Bu inspection 
for 77, ( containing Ap) : : 

ma eR à TES au FAS 

l V> ERAT 
Check using MLT "TE 
AP UL mess JE AMT? =f OE 

EC Fut tL 
For T, ( contathing D and d): 


D 
dim toe 


2 
(which is obviously dimenstenless ). I has, 


S582) 
hbr The data given’ 


D/d 3233 2.50 
Ap/ov? 6.7 [J 6. 


A log-log plot ef These data & shown on the following page, 








(cont) 
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| LL 


Ht 
—ÉEHHERSEREE 






Pi 2 


S;nce The data plot as a straight liae on 
a log-log plot, The €4 «24 row for The data. 
IS of The form 

7, -07 


I»heve 7f, = Ap/py? Que 7E = D/A : A Power 
law Lit of The data Gives 
A = 0.805 and b=397 
Thus, Ap D 3.97 
so: 0.505 [2 
Thes 64 uat is applicable over The 
range of date 4332 E $ $33, 
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Vrtaniccds Vp Mec gsm wi ig iurium m f,m h,m H,m 
| ith lt | | F | 
| I re trite | 2.0 0.10 0.833 
© | "7.872 As shown in Fig. 2.26, Fig. P7.32, and Video V2.10, — 4.0 0.10 0.833 
a rectangular barge floats in a stable configuration provided the - 2.0 0.20 0.417 
distance between the center of gravity, CG, of the object (boat 4.0 0.20 0.417 
and load) and the center of buoyancy, C, is less than a certain | 2.0 0.35 0.238 
amount, H. If this distance is greater than H the boat will tip ~~ 4.0 0.35 0.238 


over. Assurne H is a function of the boat's width, b, length, £, 
and draft, k. (a) Put this relationship into dimensionless form. 
(b) The results of a set of experiments with a model barge with © 
a width of 1.0 m is shown in the table. Plot this data in di- — 
mensionless form and determine a power-law equation relating 
the dimensionless parameters. 


| 
| 


SEEEN im EG 1,4 = F FIGURE P7.22 





| 
: Erde he pe Theorem, Mery - 3 p/ derms regaived B. 
is | HMM : 


EET 4 
[Hui E. JA 
AN OL SRG niue space cid line 


(h) Bel the data given, tabulated values for Hb, h/b, And 4 
: are shown helow. 








h/b H/b o/b | 
i ni ii in EUN ES 

0.10 0.833 2:0 

E S 25 | JE & H/b = 0.0833 (h/b) 

0.20 0.417 4.0 a 

0.35 0.238 2.0 

0.35 0.238 4.0 





IT 0.00 0.10 0.20 0.30 0.40 


| Ht Án Inspection ef These clata veveals that H/b does 
| | not clepend on A/b, Ce. The same Value of Hb 
| Ps ee fer P values of £ 2 Thus, 


g(h) 


| | and fon = pet | of The deta, using a power- lau- 
rites irons =e anten.. EEP 


| | = bo 
ob Teal Beaty -di-oose(À)" 
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7.33 The time, £, it takes to pour a certain volume of liq- 
uid from a cylindrical container depends on several factors, 
including the viscosity of the liquid. (See Video V1.3) As- 
sume that for very viscous liquids the time it takes to pour 
out 2/3 of the initial volume depends on the initial liquid 
depth, £, the cylinder diameter, D, the liquid viscosity, pe, 
and the liquid specific weight, y. The data shown in the fol- 
lowing table were obtained in the laboratory. For these tests 
£ = 45 mm, D = 67 mm, and y —^ 9.60 kN/m.. (a) Perform 
a dimensional analysis and based on the data given, deter- 
mine if variables used for this problem appear to be correct. 
Explain how you arrived at your answer. (b) If possible, de- 
termine an equation relating the pouring time and viscosity 
for the cylinder and liquids used in these tests. If it is not 
possible, indicate what additional information is needed. 


uB(Ns/im) | 11 | 17 | 39 | 61 | 107 
t(s) [c d | $S 4 € ft ud 


2- £ (5D a, x] 
£T A420 D3L yari ¥ EE? 


From the pi Theorem | 5-322 pi terms reguired, 
Ey saspection for TI, ( contaimng £) 
Eyo x-« Cr grÉÉu 
My MS -2 

e (REST? 
Check using MLT system: 

yD a (DMT). M*I'T* sa 

am unt E 
lor Iz ( containing A) 


he 4 


a pir 





Whieh 15 obviousl, dimensioniess, Thus, 


EFD (= ) (1) 
m 4 [75 


For The data gwen 5 = Tm Ob th (a constant). 


Thus, ee Eg. (1) wth L/D a eonstant vt follows 
Mat EOD y Constant. For the data given: 


(cont ) 
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EXOD | 977| 970 372 











874 [275 








Since T, s essentially Constant over The vange of 


the experimental data The variables Used for The problem 
appear te be erre. 





(b) The average value fer T, is 874 50 That 
ESL -ph 
Gua There fore 
+= 67 = á 74 
D IN ; 
Y LITTERE) 


L-^86k 


tort) Ce fi G&aends Lem /|& a gedaa Wu 


Note That This restricted eau aii /5 on ly Valid 
for A/D = 0.672, D= 6 /mm , 2nd y= TABAN with 
2/3 of The Imthal volume being Poured. 


ae 


734 In order to maintain uniform flight, smaller birds must beat 
their wings faster than larger birds. It is suggested that the relation- 
ship between the wingbeat frequency, w, beats per second, and the 
bird’s wingspan, €, is given by a power law relationship, w ~ €". 
(a) Use dimensional analysis with the assumption that the wingbeat 
frequency is a function of the wingspan, the specific weight of the 
bird, y, the acceleration of gravity, g, and the density of the air, pa, 
to determine the value of the exponent n. (b) Some typical data for 
various birds are given in the table below. Does this data support 
your result obtained in part (a)? Provide appropriate analysis to 


show how you arrived at your conclusion. 





Wingbent frequency, 
Bird Wingspan, m beats/s 
purple martin 0.28 5.3 
robin 0.36 4.3 
mourning dove 0.46 3.2 
crow 1.00 2.2 
Canada goose 1.50 2.6 
great blue heron 1.80 2.0 





(a) Given w= F(Z, Y 3, C, ) so that k-r =5-222 or 1; - 9r.) 
wT hL, YAML T? S LT G2 Me? 


Thus, consider 


2 \G 


M = wotg A + Time UT EL 
: - M4 1-34 +646 nlp z MLT" 


so that 
M: a=:0 
L: -3atbtc =0 


d 


T: -/-26=0 , Which gives a=0 2-2, c=¢ 


Ths: j 
TT = WIJZ 
y f 


For T: 
T z Ye, g k 
50 that 


M: [ta<0 
L*-2-Jatb1cz0 
T: -2-2b -0 


i. 


1 


(MET) (mL (2 777)? 15 
m” J “23a b+c 7 ~2-26 


(con't) 
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These equations give a4, h = a, and c=0 
Thus, 


Th, = 


e 
d d 
Therefore, ZH = P 3a) or W -E Ga) 
which indicates that 


"LA . Thal is wef" where n - -5 





(b) The given data is plotted below and a powor law curve fit is 
applied j with the results 


- 0.4 
w=2.62h : T where w~ beals/s when L~on. 


The obtained. power, -o.4ss, is very clæe to that predicted by 
dimensional me thods, -0,500, 











pe wingspan >” 
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$7.35 The concentric cylinder device of the type shown in Fig. 
P7.35 is commonly used to measure the viscosity, jz, of liquids by 
relating the angle of twist, 0, of the inner cylinder to the angular ve- 
locity, w, of the outer cylinder. Assume that 


8 es flo, Es K, Di» Da» £) 


where K depends on the suspending wire properties and has the di- 
mensions FL. The following data were obtained in a series of tests 
for which u = 0.01 Ib * s/ft?, K — 10 Ib * ft, € — 1 ft, and D; and 
D. were constant. 





n Å- 


0 (rad) w (rad/s) 
0.89 0.30 
1.50 0.50 
2.51 0.82 
3.05 1.05 
4.28 1.43 
5.52 1.86 
6.40 2.14 


PE) 


Determine from these data, with the aid of dimensional analysis, 
the relationship between 0, œw, and yz for this particular apparatus. 
Hint: Plot the data using appropriate dimensionless parameters, 
and determine the equation of the resulting curve using a standard 
curve-fitting technique. The equation should satisfy the condition 
that 0 = 0 for w = 0. 


O: F°L°TO QD) = 
K=FL Dat 


Fixed a 


Rotating 
outer cylinder 


es 





m mm LA iE RQ TT GH 


ee 


i FIGURE P7.35 
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From The pi Theorem, 7-324 pr terms reguired. By inspection , 


For TT, (containng œ): 


a F 
Check using MLT: 


aho 


wpk? ; riar) 


For 7 and Ty 


D - 
a" x 7 


(hich ave obviously — Àj 


(con?) 
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a Be . Ot Y echo ener 
FL 


MLT LOK 


g containmig D and D ) 


+735 |(con't) 
Thas, The dimenswnal analysis yields, 
- ob a 4? e 2 
— RE, SR | 
Fer a given device 7 D/L and D /£ ave Corsten? so 
That | 3 
- Coph 
e- f ( K ) 
and with The deta given | 3 
| 3 d; y 80/1 lbs 
wyd = WS) Be ) (tft) ween 





10 '6-## 
Using The O vs. d data supplied , (t follows that: 
wu g? 


These data are plotted below. The besi linear curve £j] gives 





PH ae 
6 — = Wu os 
p^ LU Nm 
4 
3 UC— 
2 





0 0.0005 0.001 0.0015 0.002 0.0025 
3 
uy Pk 


Hence, for the particular device with L lft awd K= 10 IL £ft, 
3 
oz (d. gelo" (Ift) 1o*)(1F#) E CradS)o s. ( 0772] 


lo lb #4 


ET 438 Wf 


with O ty kad for QJ) n rad /s and M tn Ibs JA 


So- Thet 
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7.37 Air at 80 °F is to flow through a 2-ft pipe at an average veloc- 
ity of 6 ft/s. What size pipe should be used to move water at 60 °F 


and average velocity of 3 ft/s if Reynolds number similarity is en- 
forced? 


For Reynolds number simil arr ly, 





Per - Re water 3 OF 

VD) _/VD 
Cam ={ v Io 
Thys 

= V ual y r 
D ater + y . = 7 Dair 5 where trom Tables B.I and B,.2 
ain water 

Kaater F! 210 x10 rm and lair = Lb9xie’ Jg 

60°F eo F 

Hence, 


f hatoxios f 6 ft/s 
Hsia E [rcu MEL 3 ft/s 655 \(2 4H) = 0,286 0.2.86 ft 
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7.38 To test the aerodynamics of a new prototype automobile, a 
scale model will be tested in a wind tunnel. For dynamic similarity, 
it will be required to match Reynolds number between model and 
prototype. Assuming that you will be testing a one-tenth-scale 
model and both model and prototype wil] be exposed to standard 
air pressure, will it be better for the wind ame! air to be colder or 
hotter than standard sea-level air temperature of 15 °C? Why? 


Let ( Ìm and ( Ng denote model and prototype, respeclivel y, 
Thos, Re, - Rep j Or 

-/V2 
(YE) =( ) J um 


y [2 
= Yin : m 

V, = x J£ V; = OTe SINCE h = 70 ho 
If the windtumel air is at standard sea-level conditions, 
When 7, "15 and 

Vn =19Vp, Hence, if Vo * 55 mph, Ven Vy * 550 mph, which 1s Tab 
large for simple tests. For one this, at 550mph compressibiliy 
effectis become important. At $5 mph they are not. Assume 


the test are condvcted with % /% <I so thal more realistic wind 
tunnel velocities are presoprbed. From the data in Table 8.4, 


at T2I5°C, Y=! 47xJ0 ^ m^ A and the data shown below are 


obtained. mau = | — 














200 





For m/p <l if follows that T<15'C, Hence, if world be better 1o 


have a cold Windtunnel. However, even with T=~ 40°C which gives 
Yn /% E 0,707 the Vp = $5 mph would l'eg e Vn = 10 (0.707) SSmph - 369 mph 
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7.39 You are to conduct wind tunnel testing of a new football de- 
sign that has a smaller lace height than previous designs (see 
Videns V6.1 and V6.2). It is known that you will need to maintain 
Re and St similarity for the testing. Based on standard college quar- 
terbacks, the prototype parameters are set at V = 40 mph and 
«) — 300 rpm. The prototype football has a 7-in. diameter. Due to 
inswaumentation required to measure pressure and shear stress on 
the surface of the football, the model will require a length scale of 
2:1 (the model will be larger than the prototype). Determine the re- 
quired model freestream velocity and model angular velocity. 


Let ( )m and( )p denole the model and prototype , respeclivel y. 


For Reynolds mmber similarly, Re, = kep, of 


Vin zt = W, s so thal wih Z m= p (4.6. same aif properties) 


Vin = p Vy P (z ) (40 mph) = 20mph. since Dy = 2Dp. 
T hys, | 
Q7 20, (Eee lr.) = 29,3 H 


34600 


For Strovhal number similarity, Sty = Sip, or 


Wm Din _ WD E: 
"— = a where 4p 7 300 rpm 


Hence, 


- Vm D h 
^n ^e Te UP Ugong) (2) COIP) = Erom 


JB 
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7.48 A model of a submarine, | : 15 scale, is to be tested at 180 ft/ 
s in a wind tunnel with standard sea-level air, while the prototype 
will be operated in seawater. Determine the speed of the prototype 
to ensure Reynolds number similarity. 


Let ( Ìn andl } denote model and prototype, respectively. 
Thus, Re, = Res, or 


Vna _ V2 
= = Tp where f, = bp 
Hence 

_(m\ tb cesi 1d 
w= (RE =G 
Also, 


^, 2J 52x * E and % spas E co that 


sp / ^ E2xi0* TS z 
In = Si agnio Hye) P =T 
Thus, 


V, = Vm | jeo f 
Ü 187" 187 





- 04/3 f1 








7.41 SAE 30 oil at 60 ?F is pumped through a 3-ft-diame- 
ter pipeline at a rate of 6400 gal/min. A model of this pipeline 
is to be designed using a 3-in.-diameter pipe and water at 60 °F 
as the working fluid. To maintain Reynolds number similarity 
between these two systems, what fluid velocity will be required 
in the model? 


For Keynolds num ber simi laris s 











Vm Pm YD 
UL C vÀ 
Or 
VY I Lm D v 
m VY Da 
Since , O 
pe arvea, 
and e 23) in?) (LEE 
0) = [6400 355 (LE 
bo =, 
then fag “Ge 
V= : : = 2,02 ft 
z Gf) 


Thus, Hom Eg!) 


"^ - 
V. E ( /. 21 xo £t?) (3 fa) Ju £ 
(45x77 £t Ma ft) 





728 in, 1). (Uf 3 +t? 
5 


652 xjp 





(1) 
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7.42 The water velocity at a certain point along a 1 : 10 scale 
model of a dam spillway is 3 m/s. What is the corresponding pro- 


totype velocity if the model and prototype operate in accordance 
with Froude number similarity? 


For Froude number similarity A 


Vm V 


P ee 
a - 


Yamin VJE 
so Tha 


$ | 
y- VEE) V- 


and with g= dm £ fh, = 10, Y, = 3 mhs 


V- Vo (3an ) = $44 % 
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7.923 The drag characteristics of a torpedo are to be studied 
in a water tunnel using a 1:5 scale model. The tunnel operates 
with freshwater at 20 °C, whereas the prototype torpedo is to 
be used in seawater at 15.6 °C. To correctly simulate the be- 
havior of the prototype moving with a velocity of 30 m/s, what 
velocity is required in the water tunnel? 


For dynamic simi larity, The Reynolds number must be the 
Same for Model and prototype. Thus, 


Vm Um | YD 
7T, LY 


So That a 
"E Be B 
Va oe OY 


Since, Ln (water @ 20°C ) = | 04 X 10 m s ( dl B2). 
7 ( seawater @IS.6°C)= 1/7 410° mh (Table 1b), and 
D/D, 32 ) (Eo fellous That 


_ (1.004 KID ^e) 
oro (5)ísof) - /29 A 
m ~ p17 x10 3€) )(30F) ps 
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7.44 Fora certain fluid flow problem it is known that both 
the Froude number and the Weber number are important di- 
mensionless parameters. If the problem is to be studied by using 
a 1:15 scale model, determine the required surface tension scale 
if the density scale is equal to 1. The model and prototype op- 
erate in the same gravitational field. 


For dynamic similarity , 


Vm = ET (Erind Number similavity ) 


M Var 





and 


5 2 
(om Vm Joe s pvt (Weber number simi loh, ) 
s o~ 


lo satisty Froude number similarity (with 22$), 
V A | 
and ‘therefore for Weber number similarity 
Oe. Fim Vm \ > Qi = fom ÉL Àe P, d N^ 
Lcx Ts F) 
Thus , with Lr "g. E is and (a [p= I; 


- 
- (1) (72) 7 Yyy Xid 


T 


7-49 


L45 | 


7.45 — The fluid dynamic characteristics of an airplane flying 
at 240 mph at 10,000 ft-are to be investigated with the aid of a 
1:20 scale model. [f the model tests are to. be performed in a 
wind tunnel using standard air, what.is the-xequired air velocity 
in the wind tunnel? Is this a realistic vefocity? 


For dynamic sim larity The. Reynolds number must be the 


aa TE 


Same for model and prototype. /hus, 
[hm 


s La Z 
m E E 


S 


| 


jo thet 


ms Ck 
pro 


C ) 


SINCE, ʻI Ib. s dj 
M = 3.934 x10 Tp oj f UWS5x0 Du (Table C1) 


=? 
=3.74x 10 Ibs , 3 -3 d " 


Qua A Jb. = ab | it follows from E. 0) That 


-7 /b. -3 
Ono 4s) (1.756x l0 Sus ) 


E (3.534.110 " BS ) Zr um (2e) (zvo mph) 


No, ıt is not @ realshée velocity — much to high. 


| 294 


7.46 Ifan airplane travels at a speed of 1120 
km/hr at an altitude of 15 km, what is the re- 
quired speed at an altitude of8 km to satisfy Mach - 
number similarity? Assume the air properties cor- 
respond to those for the U.S. standard atmo- 


sphere. 


For Mach number similarity, 
V 
f 


(1) 


a FA 
I> Ream ( E o. 


The Speed of sound can be calculated trom The be uation 
ez ART (E. 1.20) 
and far a R=1HO , R=286.9 J/ do -K 
At IS bem alh tude , 
Ts ~56.50°C + 273.16 = ale7 k (Table C,2) 
and at 9 eon 
T= - 36.94 °C t£ 47318 = 
Thus, at /$4 alhtude 
E 1 (oM abt )(214.24) 2 2895 = 


236.2 K (ible C2) 


4% 


Qua at 8 Rom m 
C || lro) nn) feste) = 308 # 








bhm 
From Eg.) 
E LL 
V 2 g hm = 306 $ +, 
Lm "T nza 55 
= JI] m 
hr 


7.47 (See Fluids in the News article “Modeling parachutes in a wa- 
ter tunnel,” Section 7.8.1.) Flow characteristics for a 30-ft-diameter 
prototype parachute are to be determined by tests of a 1-ft-diameter 
model parachutein a water tunnel. Some data collected with the model 
parachute indicate a drag of 17 lb when the water velocity is 4 ft/s. 
Use the model date to predict the drag, on the prototype parachute 
falling through air at 10 ft/s. Assume the drag to be a function of the 
velocity, V, the fluid density, p, and the parachute diameter, D. 


P: d V, o, D) 


Gar ftir fert r Qer 
From The pr Theorem, e Bu pc term reguireck , 
Gnd @ dimensional analy s/s Yields 

S =c | 
Where C ıs a Constant. Thus for Similarity 
between Model And pro toty pe 

P 0 A. 


b= Bt) EG) & 


Z 2 
= (inu zn [0 E (s (11 Ib) n 
|f 3485 £r 


- 1111 





So that 








£7.52 


7. 


7.48  Thelift and drag developed on a hydro- : 
foil are to be determined through wind tunnel: 
tests using standard air. If full scale tests are to 
be run, what is the required wind tunnel velocity 
corresponding to a hydrofoil velocity in seawater 
of {5 mph? Assume Reynolds number similarity 
is required. 


For Keynolds number similarity , 
Vin Lm _ VA 


=p 
A 


La Y 
where L is some chavacterishe length of the hydrtei/ 
Thus, 


and with Af eT (Full scale test) 


(1,57 ie ES ) 


Tm 
Vn > r V (1.26 x107* £& ( P j 


= /87 mph 


EZE 


7.4 A 1/50 scale model is to be used in a towing tank 
to study the water motion near the bottom of a shallow chan- 
nel as a large barge passes over. (See Video V7.16) Assume 
that the model is operated in accordance with the Froude 
number criteria for dynamic similitude. The prototype barge 
moves at a typical speed of 15 knots. (a) At what speed (in 
ft/s) should the model be towed? (b) Near the bottom of the 
model channel a small particle is found to move 0.15 ft in 
one second so that the fluid velocity at that point is ap- 
proximately 0.15 ft/s. Determine the velocity at the corre- 
sponding point in the prototype channel. 


(a) For Froude number similarity 
Vm V 


Where L 1s some characterishe [eng tr , and wiTh dm d 
Vm _ m Cid 
Vo tes d | 

Thus Von - | = (\5 knots) ae 2 )2 A nots 


ft 
From Table A.l | not = (0.514 9) ($2814 z E Lae 











So thet e (4. |2 A nolis )(1. „t y £x 


En —————  —— ———— C 
Lo —  — — Hà 


(b) Since from Ee. d) 


So That je [So (0.15 - - | X 
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7.50 A solid sphere having a diameter d and specific weight +, is 
immersed in a liquid having a specific weight y,(y, > y,) and then 
released. It is desired to use a model system to determine the max- 
imum height, ^, above the liquid surface that the sphere will rise 
upon release from a depth H. It can be assumed that the important 
liquid properties are the density, ¥//8, specific weight, y,, and vis- 
cosity, yz. Establish the model design conditions and the prediction 
equation, and determine whether the same liquid can be used in 
both the model and prototype systems. 


Assume tat f= f (d, ", 4 A 4, fe ) _ Mote Mat by 
including Yı, Y, and 2, bomn The mass and weight of the 
fluit and sphere are taken into account. Tuts follous Since 
A (densrfs ) - 2/6 _ Lt would be incorrect. 4 lst à, 2 , and 
as independent variables. We expect the mass of The spheve 
to be lm portant since The sphere tnl) have accelerated moton. 
nce, 
het del Mal GRP RES gtr ir 
the pi Theorem indicates Tnet 7-37 4 pi terms reguived, A 
dimensional analysis y1elds , 


4 w, 1, Hefe) 
4. g(2, 8, Aye 


£ 
Thus , he Medel design tonditions ave 
Hoa . E Usm = 33 Him | [dm =. Lt V4 
dw d dt m ð. Tae d, Ja d? 
Gud The Prediction Cguaton 15 


X te 


"d da 





From The last model design condition [with jE). 


Mim ó ým du (1) 
dia y | / : 
E yrs 


Since dm/d 5 The lengh Scale, Ond i5 presumably not egual 
to one , &g. tl) will net be sotshed f The same liquid Is 
used . Thus, the same liguid cannot be ased. 
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7.81 A thin layer of an incompressible fluid flows steadily over a 
horizontal smooth plate as shown in Fig. P7.S1. The fluid surface is 
open to the atmosphere, anid an obstruction having a square cross 
section is placed on the plate as shown. A model with a length scale 
of 1 and a fluid density scale of 1.0 is to be designed to predict the 
depth of fluid, y, along the plate. Assume that inertial, gravitational, 
surface tension, and viscous effects are all important. What are the 
required viscosity and surface tension scales? 


Free surface 














AUR 
APRILIE sH 
i Ji imd) tui nb Hn 

15 ahi) bs 


Ri 






Hh 
THEE 
i 





PFIGURE P7.51 


A 4 ful dynemics problem tor Which inertial, gravitational, Surface 
msien , And viscous effects are all imporlant reguives Froude, 


Reynolds, and Webtr number similarity (see Table 7.1). Thus, 
for V. 
M ai de 


fea. VEA 
C Froude number simiarty} it follows Bat (wit 47 fus ) 


Vn ji 
Y l« 
For Feynolds number similarity ; 
/m Mm dm PVA 
A 


Jm 
n 
^ 
T 


— Mm [m Vm du = E da fs (ie 
[^ ^ vd d aA Pa 


3A 
= MDE 
Fr Weber number Similarity, 
Prone Vea d ua x py*d 

— o 


= 0,125 





Onn 
A Gin, Bn Ng, dn = ln (Sz) = Bo Ga) 
FUP we oS CP Me Se ee 


a (Lo) (X) » + = 0.0625 
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7.52 The drag on a 2-m-diameter satellite dish due to an 80-km/hr 
wind is to be determined through a wind tunne! test using a geomet- 
rically similar 0.4-m-diameter model dish. Assume standard air for 
both model and prototype. (a) At what air speed should the model 
test be run? (b) With all similarity conditions satisfied, the measured 
drag on the model was determined to be 170 N. What is the pre- 
dicted drag on the prototype dish? 


(ay From Eg. 7.17, Reynolds number similarity is reguived . Thas, 


Min Dn VD 
Don í » u^ 
where D ss the dish diameter. It fellows That 


2 w a 
m uu AY 
and with A7 fv =i 
.2 m dum a" 
hn = l Sgr Meo We) = Hon e 
(b) From E9. 7.19, 
Dien | 
E fen Von d ^d» y*D 
Jo That (with f ) 
V^ D^ 
AD = T GUN d p> A. 


Vw a 

















(80 Ew) (2m) 
[Hov tn)" (atan)? 
ee That} D Dm 7" . This Problem, Since trom the Cond: hen 


of Reynolds num ber similarity ) v V,,, = D. / D This ıs not 
true in general. ) 


am, 





(1704) = 17o N 
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7.53 A large, rigid, rectangular billboard is supported by an elastic V 

column as shown in Fig. P7.53. There is concern about the deflec- -> 
tion, 6, of the top of the structure during a high wind of velocity V. c— 
A wind tunnel test is to be conducted with a 1 : 15 scale model. As- r 
sume the pertinent column variables are its length and cross- == 
sectional dimensions, and the modulus of elasticity of the material i 
used for the column. The only important “wind” variables are the = 
air density and velocity. (a) Determine the model design conditions —— 
and the prediction equation for the deflection. (b) If the same struc- —» 
tura! materials are used for the model and prototype, and the wind —á 
tunnel operates under standard aiospheric conditions, what is the ——m 
required wind tunnel velocity to match an 80 km/hr wind? » — 

Front View Side View 


w FIGURE P7.53 


Assume S= FL L, P V E) | =L 
"where: S~ deflechonè L, A~ column length 3 L , A,wother lengths: = 
(0252, - - ete.) j. p~ air density 3EE"TU Va wmd velocity = LT , 


E^ modulus of elasheity =FL*% From The pi theorem, 


(e4c)-3= 2t6 pr Terms. veguired, and 4 dimensional analysis 


eed EAE) 


(a) The model design conditions are I » 
fim a Le fam Vom x= E 


qud The pvedichór eguation IS 
S. à 
ahi 
or with a length scale of {IS 
d = IS" Msn l 
(b) From The second model design condition , 


2. Em f : 
E^ ERA 


So That with E=Em ane A= fm 


Vn = 


m TENE. 
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7.54: Athinflatplate having a diameter of 0.3 
ft is towed through a tank of oil (y = 53 ib/ft?) 
at a velocity of 5 ft/s. The plane of the plate is 
perpendicular to the direction of motion, and the 
plate is subrgerged so that wave action is negli- 
gible. Under these conditions the drag on the 
plate is 1.4 lb. If viscous effects are neglected, 
predict the drag on a geometrically similar, 2-ft- 
diameter plate that is towed with a velocity of 3 
ft/s through water at 60 *F under conditions sim- 
ilar to those for the smaller plate. 


Tf viscous and wave effects ave neglected , 


d= t( A, n, V) 
Where: La drag 2F , d plate diameter =L ; ~ Fluid density > FLT? 
and V~ velocity = LT. From the pt theorem, 4-32 | pi term 
yeg uired, and a dimension! analysis yields 


oF 
JI, 2 41 
Vid 
Since There "E only one pe term 


Om = iD - = Constant 

fa Vady PVA 
Where m rekrs to The Smaller, 0.3- £t-diameter plate 
Thus, 





^ Mur eg n 
From The data gwen : 
P= 14 slugs/ft* ; ds 2£t; V- 3ftfs 


- $3 lb/ft? : - - 
A, LA. dm 506346. Mao 5S D zik 


Thevefore , trom Eg th, 


f- (1. 94 suas ) a (zf) 


(LR TEE bae 





Lu Ah) 2 aL lb 
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7.55 For a certain model study involving a 
1:5-scale model it is known that Froude number 
_ similarity must be maintained. The possibility of 
cavitation is also to be investigated, and it is as- 
sumed that the cavitation number must be the 
same for model and prototype. The prototype 
fluid is water at 30 °C, and the model fluid is water 
at 70 °C. If the prototype operates at an ambient 
pressure of 101 kPa (abs), what is the required 
ambient pressure for the model system? 


for Froude number similarity j 





Von = \/ 2am in 
V Æ 


Før cavitation number similari , 
FEM (441 
afm Vn eA 
LL follows that Pn V. 2 
Sut IE 
and makin& use of £4.) 


Ub. - fO 7 53 c (f.- f. ) Pon 
For water (from fable B,.2): 
OME £7977. 8 gh? » 72,5 36x10" nlm Cabs) 
@ 30°C P= AE T Alm? ; fy = 424s pi Nis au) 


[hus, from &%.02) 
(977.8 k#,) | 3 3 M 
We Paas At y) exin Ae Kaysi 2). XA SS | 
dr 


c 0. P (abs ) 
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7.56 A thin layer of spherical particles rests 
on the bottom of a horizontal tube as shown in 
Fig. P7.56. When an incompressible fluid flows 
through the tube, it is observed that at some crit- 
ical velocity the particles will rise and be trans- 
ported along the tube. A model is to be used to 
determine this critical velocity. Assume the crit- 
ical velocity, V. to be a function of the pipe di- 
ameter, D, particle diameter, d, the fluid density, 


p, and viscosity, 4t, the density of the particles, 


p,, and the acceleration of gravity, g. (a) Deter- 
mine the similarity requirements for the model, 
and the relationship between the critical velocity 
for model and prototype (the prediction equa- 
tion). (b) Fora length scale of ? and a fluid density 
scale of 1.0, what will be the critical velocity scale 
(assuming all similarity requirements are satis- 
fied)? 


(4) V.=F (Dd 


From the pe Theorem, 1-37 
dimensional idles yields 


CA2 ap t 





FIGURE P7. 56 


ABg)? 


Vz2LT" DsL d3L es FPE"? uż FET sELT* ùf 
c F pP f^, d 


4 pi lerms reguired And te 


c, ME) 
^ 


Thus, the idis veg uirements ave 
du . A da d 70 
mM. b fm. - f dm Jmn dm An = d - 


D. D P, 





P om ^ 


The Prediction equahon rs 


PVD > [m Vem P 


Ve wo Ves 


Z^ Laan 





€ | uation (n dicates al 
Vem o L dim 2 L 
Ve fm LL 


(5) If al] similarity ku are »atistied, The prediction 


(rof Ee jea) = 2 A u) 


From The Third simi larity requirement ( with 47 fie); 





Thus, from Eg.) 
V a 
m 


Rn s MÀ 


Ve 


[ear 


= 6. 16°) 


Pan 


Master Typing Sheet 
10% Reduction 


8 1/2 x 1! trim size 
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7.07 The pressure rise, Ap, across a blast wave, as shown | 
in Fig. P7. 57and Video V11.7 is assumed to be a function of. | 
the amount of energy released in the explosion, E, the air den- ~~ Air(p,c B Blast Ap = Po- Pl 
sity, p, the speed of sound, c, and the distance from the blast, | p (2), (1) 
d. (a) Put this relationship in dimensionless form. (b) Consider — [RA nem 
two blasts: the prototype blast with energy release E and a model - " — 
blast with 1/1000th the energy release (E,, — 0.001 E). At what | : | 
| distance from the model blast will the pressure rise be the same B FIGURE P7.57 
, as that at a distance of 1 mile from the prototype blast? j | 
EH S EELT ] 
PEPE eee er eer pr | 
[| Poe W se f 4 Ey] 15 4) ei | a; | 
sect Es b femi cur del | 
"f | 1 
rom + the, pr ihah ae -3= pr feras required, and | | 
£r Imet Is/nd yi 1 analy si yields PEERI | | 
| | 
| | | 
| 
vim re ree eee | 
| 
fhis sym la BR regat E. sats fed, hes | 
| | 
| | TH 
== [ | n east 
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7.58 The drag, 9, on a sphere located in a pipe through 
which a fluid is flowing is to be determined experimentally (see 
Fig. P7.59. Assume that the drag is a function of the sphere 
diameter, d, the pipe diameter, D, the fluid velocity, V, and the 
fluid density, p. (a) What dimensionless parameters would you 
use for this problem? (b) Some experiments using water indi- 
cate that ford — 0.2 in, D — 0.5 in., and V = 2 ft/s, the drag 
is 1.5 x 107? Ib. If possible, estimate the drag on a sphere 
located in a 2-ft-diameter pipe through which water is flowing 
with a velocity of 6 ft/s. The sphere diameter is such that ge- 
ometric similarity is maintained. If it is not possible, explain 
why not. 





FIGURE P7.58 


(a) b= £ (A, dD, V, p) 
BsF dal Del yl zape” 


From The pi Theorem, 3-3 = 2 pi Ferms reguived, dnd a 
dimen sona! ee yields 


p^ - #($) 











(b) The similarity beg uire ment Jes 
one. x 


Dan P 





so That O.2in. ~ A 
Ó, S In. 2 fe 
and A= 0.8 f (regared diameter J 


T bus, The Prediction equation J3 


8 D 


“wv 


= 
TR 





—— 


ph» Rub 
Bs i ENEY Pr (and with A=, ) 
p= , I (1.5 x18 us 21.1 Ib 


A 


jo That 


ep 





n 
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7.59 An incompressible fluid oscillates har- 
monically (V = V, sin cit, where V is the velocity) 
with a megung of 10 rad/s in a 4-in.-diameter 
pipe. A íscale model is to be used to determine 
the pressure difference per unit length, Ap, (at 
any instant) along the pipe. Assume that 


= f(D, Vo, C, t H, p) 


e -3 x 
df, = FL D=L = 
Frem the pi theorem, 
dimenstona! analysis Yields 
D Af 
Ph? 


WLT" aT 


where D is the pipe diameter, w the frequency, 
f the time, 4 the fluid viscosity, and p the fluid 
density. (a) Determine the similarity require- 
ments for the model and the prediction equation 
for Ap,. (b) If the same fluid is used in the model 
and the prototype, at what frequency should the 
model operate? 


"o BàT cR RUD 


7-3 = 4 p; terms reguived and a 


tg (ME ot, A? | 


(a) Thus, the similarity reg urements are 


Vom Can ME 
De D 


w E 7 100 





fo Yom Dy . P10” 
Pm 


^k 


Qnd The prediction eguatión 


D Ab Dm A Penn 
Pho? fm Vom 


(b) for Reynolds nym ber similarity ( The last Sim lavity reguive ment ) 
wita The same flud in model qnd Prototype ; 
Youn. 2 


Vo p 
Óo That trom Ihe Lirst similarity reguire ment 
fe. Um UNIS) (8) 


uw 5 pP Vam 
Thus, to satisty The remaining similarity rexuivement 
Wm Em = 


- (F Ya = 


or 


(4) “la rad) = 


racl 
lbo tae 
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7.69 As shown in Fig. P7.60, a “noisemaker” B is towed behind a 
minesweeper A to set off enemy acoustic mines such as at C. The 
drag force of the noisemakér is to be studied in a water tunnel at a 
^ scale model (model X the size of the prototype). The drag force is 
assumed to be a function of the speed of the ship, the density and 
viscosity of the fluid, and the diameter of the noisemaker. (a) If the 
prototype towing speed in 3 m/s, determine the water velocity in 
the tunnel for the model tests. (b) Ifthe model tests of part (a) pro- vei ua a 
duced a model drag of 900 N, determine the drag expected on the i 
prototype. 





sÈ 
(a D =V, e, x, D), where Ber Ee Vee 0248 
M+ Æ, and D) 
Thus, k-r 2 5-322 .so that T =P), 


where by inspection there are the ingredient: for a Reynolds 
number Re  QVD/u, and a drag coefficient, G, =q9/(seV*D?). 


Hence, 
C, - (Re) 
For similarity, Rey, = Ke , of 
CVn Dm - OVD so that with Qu=0 and Mm =P 
Am e" 
WD, - VD or with Dm * D, 
C DY £y -22(32)-212 7 


E 








NY 


(b) Wilh Re, «Re it follows That C», = Cy, or 
Lin Lf 


zo Dp i zov b 
T hus, since Om aP, 


o 


On. . o OV 


WM VPE 
2 2 e j 
A =C) (Da) Sa Cg (A tgo) = goo 


Note: The prototype has+he same drag asthe model 
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7.6! The drag characteristics for a newly de- 
signed automobile having a maximum character- 
istic length of 20 ft are to be determined through 
a model study. The characteristics at both low 
speed (approximately 20 mph) and high speed (90 
mph) are of interest. For a series of projected 
model tests an unpressurized wind tunnel that will 
accommodate a model with a maximum charac- 
teristic length of 4 ft is to be used. Determine the 
range of air velocities that would be required for 
the wind tunnel if Reynolds number similarity is 
desired. Are the velocities suitable? Explain. 


For Reynolds number sum larrts j 
TA Von hs = AVA 
fatade « by 


jim 
Von = AEF V Cr) 


Since. The wind tunnel is unpressanged The air properties will be 
a ppreximatelg the same fr model and prototype. Thus E, 0) 


reduces +o ys 4. y 


and fer the cat a 
(20 ft) 
= eT = 5V 
bon (4 £t) f 
Therefore at low speed 


So Jna £ 


Vm = 5 (20mph) = /00 mph 
aud at Nigh speed 
V= 5 (90 mph) = #50 mph 


SO That The model veloc ity Vange ts /00 mph to Y¥S0 mph . 


At the high velecrty iu tue wmd tunnel , Compressibility of The 
air would start to become an Important factor, li he reas 


com pare ss bs lit, IS Not Important yor Me Prototype. Thus, The 
higher velocity reguired for The mode! would not be surtable. 
No. 
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7.62. The drag characteristics of an airplane 
are to be determined by model tests in a wind 
tunnel operated at an absolute pressure of 1300 
kPa. If the prototype is to cruise in standard air 
at 385 km/hr, and the corresponding speed of the 
modelis not to differ by more than 20% from this 
(so that compressibility effects may be ignored), 
what range of length scales may be used if Rey- 
nolds number similarity is to be maintained? As- 
sume the viscosity of air is unaffected by pressure, 
and the temperature of the air in the tunnel is 
equal to the temperature of the airin which the 
airplane will fly. 


Fer Reynolds Aumber mo larity J 
Koa Yon jo F pvt 





m E 
So that 4 : 2 j 
RO P lmn Vow f 
for an degl gas » P=PRT, and with constond temperature i 
Ge Constant 
or 4.2 
E, fm 


"nw e 
4nd E4,U 1 Can be writen as (with Mp FA ) 


^o du 
f. 

For The date given 
Lu . ARR) V 


Fu (1300 kR ) Vom 
and with Vu (It 6.2) V, 777 Follows That 


ym : (loih R ) m 
k — (3o 5/4) (£62) 


Thus, the range of lengh sakes ts 0.0647 to 0.097/ . 
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| 63 Wind blowing past a flag causes it to ‘‘flutter in the 
breeze.” The frequency of this fluttering, w, is assumed to be 
a function of the wind speed, V, the air density, p, the acceler- 
ation of gravity, g, the length of the flag, €, and the ‘‘area den- 
sity,” pa, (with dimensions of ML ^?) of the flag material. lt is 
desired to predict the flutter frequency of a large € — 40 ft flag 
in a V — 30 ft/s wind. To do this a model flag with € — 4 ft 
is to be tested in a wind tunnel. (a) Determine the required area 
density of the model flag material if the large fag has p, = 
0.006 slugs/ft^. (b) What wind tunnel velocity is required for 
testing the model? (c) If the model flag flutters at 6 Hz, predict 
the frequency for the large flag. 


cof, P, 2,4, A) 
wT yout” Poser” $:LT* L2L Ase 


From the pi Theorem, 6-3 = 3 pi terms reguired, qna a 
dimensional ual ysis yields 


JY .A4f fa ; 
ale = lg eh 
(a) For simlarrty 


Lam . LA 


(mlm PAL 
Gna Since sie =" 


~ p - tft Ar )- RUE 
7 y f. - (25. (o, bb £e = 0.0006 p 


(b) Er sim larity 


Von -V 
fmi VAR” 


Gna with 4 = 
e. iE "S js A (30) LT S. 


(c) With The similarity requirements satistied the prediction 


pene is 
5 | f 


5o That JA | 
"E 4 ES = us (LH. )* 1.40 Ha 


[1 
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$365 The drag on a sphere moving in a fluid 
is known to be a function of the sphere diameter, 
the velocity, and the fluid viscosity and density. 
Laboratory tests on a 4-1n.-diameter sphere were 
performed in a water tunnel and some model data 
are plotted in Fig. P7, 65, For these tests the vis- 
cosity of the water was 2.3 x 107? lb-s/ft? and 
the water density was 1.94 slugs/ft?. Estimate the 
drag on an 8-ft diameter balloon moving in air at 
a velocity of 3 ft/s. Assume the air to have a o 2 4 6 8 
viscosity of 3.7 x 107? Ib-s/ft? and a density of Mode! velocity, ft/s 
2.38 x 10^? slugs/ft*. FIGURE P7.65 


Model drag, Ib 





10 12 


a = £ (d, V P, p ) 
where: Ka drag= /3, d ~ 5 phere diameter = E V~ velocity ż xr 
LE Fluid density > FECT? prdi musio È a. 


From the pi Theorem, S-3= 2 pi ferms reguired, and a 
Aimensional analysis Tn 


A " [E E 


thus, KCeynelds number similarity 1s rea uires so That 
[im Von dan. pv 
Jom 
Um p d 
m` Fm d. 
(4.3 xw 1&7, )f4 3gyjo ee) (9 ££) 


373x107! Li ETERNI 
( ee) (LM ad 7 ft) 


ey 








549% 
[rom The graph for Vn, = 5.49 a od) = /,30 Íb. 

o o om 

V d> ` fm Vy d. 

or ` ^ y Ps A 

so That = P FIO 
ash sexi? TAS) (3€) (ate) 
(^?& 925 ) (59 DET Ger 


ince 


o l.30o l4) = 0.274 |4 
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7.67 Drag measurements were taken for a sphere, with a diameter XJ" 
of 5 cm, moving at 4. m/s in water at 20 *C. Theresulting drag on 
the sphere was 10 N. For a balloon with t-m diameter rising in air water 


with standard temperature and pressure, determine (a) the velocity air 

if Reynolds number similarity is enforced and (b) the drag force if 

the drag coefficient (Eq. 7.19) is the dependent pi term. mo d el prototype 
(a) For Re ynolds number similarity ; Keg = Rem : where ( Jo4nd ( )n 


refer to prototype and mode | b respectiyely . THUS, 





Vel. Ve or 
Vp Von 


eG Lm 
= it " d (0.05m) 


m 
, I1 








(b) Ody = Chm, since C<PlRe) and Rem = Rep, 


_ ep Z Dn 
ZOP Dp i0 V 


T 
fe (We y(26) oh 


: 23 kg/m*) (_2.9/ més Im 4 
“(998-2 kg/m?) 4 m/s stet) Ln] (10N) = 2. LI 
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7. 68 


7.68 A prototype automobile is designed to travel at 65 km/hr. A 
model of.this design is tested in a wiid tunnel with identical stan- 

dard seaslevel air properties at a 1: 5 scale. The néasured: model 
drag is 400 N, enforcing dynamic similarity. Deter ine (9) the drag 
force on the prototype and (b) the power required to overcome this 
drag. See Eq. 7.19. 





For this model, ( Jy, and prototype, ( Jp, assvine 
C, * O(Re), where Re = VkL/y and C,» D/ CE oV T) 
so that if Re, = Kep, 


then Cy, = Ch 
(à) Vs os I, = Volet, where T = Dp. 
Hence, 
Vn = Z4 (3) 65 c 32s ox (Pa je.) = 90.3% 





Also, with C, c Cop , 
Lm 


m h | : 
inu ETT , Uf SINGE e =o, 


: ( 
2. > 2 
(4) (4), = (SERGE) (SF) ttem) e ton 
(b) P = power =V so that 
lhe 


P = dh V, e P0065 o sso) C Fim) 7 2220 7 


27220 W 





Note! pe 7220W (1,34110?) = 2,68 hp 


7.60 


7.69 A new blimp will moveat 6 m/s in 20 °C air, and we want to 
predict the drag force. Using a 1 : 13-scale model in water at 20 °C 
and measuring a 2500-N drag force on the model, determine (8) the 
required water velocity, (b) the drag on the prototype blimp and, (c) 
the power that will be required to propel it through the air. 


For this model and protolype, assume (see Eg. 7.19) 
5 Ü( Re) f where Re* V/v - Reynolds mmber, and 
O7 i7 ( zpV ^) = drag coetficjent 
(a) Thus, with ( » and ( denoting model and p^ oToty pe D espectively 


Re, ES Reg 
hhn Voke 
^ 545 
Hence; «0m s joowid nts )¢g Hogh 
B £ A - (4) (7 51x105 m*/s à uie a 
(b) C, = dp j or 
Da . wW 


-— f 

, LNL l 2. 
ze TOVA 
2 


4, - AE GE) ds 


q É / 2. 
n 5, a4 \( 13) (2500N) = 678N 


(c) p r7 e7eN (6) 4070 Nm - 4070W 


* Fluid properties are trom Tables 8.2 and 8.4 
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7.70 At a large fish hatchery the fish are reared in open, 
water-filled tanks. Each tank is approximately square in 
shape with curved corners, and the walls are smooth. To cre- 
ate motion in the tanks, water is supplied through.a pipe at 
the edge of the tank. The water is drained from the tank 
through an opening at the center. (See Video V7.9.) A model 
with a length scale of 1:13 is to be used to determine the 
velocity, V, at various locations within the tank. Assume that 


V = f (€, €, p, i4, 8, Q) where £ is some characteristic length 


such as the tank width, €; represents a series of other perti- 


nent lengths, such as inlet pipe diameter, fluid depth, etc., p 


is the fluid density, yz is the fluid viscosity, g is the acceler- 


CQ) 


Airnensonal analysts 
Aas. 
ee 


V* £(4,4;, p, 

From The Pi Theorem 7-3 = 

yields 
Lå e Q 

8G gió ) 


ation‘ of gravity, and Q is the discharge through the tank. 
(a) Determine a suitable set of dimensionless parameters for 
this problem and the prediction equation for the velocity. If 
water is to be used for the model, can all of the similarity 
requirements be satisfied? Explain and support your answer 
with the necessary calculations. (b) If the flowrate into the 
full-sized tank is 250 gpm, determine the required value for 
the model discharge assuming Froude number similarity. 
What model depth will correspond to a depth of 32 in. in 
the full-sized tank? 


F4 9) 


AL Pe terms reguived Quae a 


Er 





Thus, The s/milandg reguirements are 


Aum. d 0l. 
4^ +$ iz. 


and the 


Q2 
Li 
prediction e (aa E10 n L5 


Ca Om PQ 
bm Am Ap 


AB Valla 
g on | 
From the fast similarity yeguiremeit. with fy =P And = pe 


Qr. 


Ọ Cm Ma 


-E M bn = Sm 
£ R 


However, fram The second similarity veguirement with 


gery 


CQ. E )- 5/2. 
a « (be) 


S,5ce These Ewe Fequirements Ane mls gb 
Do law Thee the similarity reguirements Cannot 


be satished,. No. 


(Cont ) 
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(b) For Froude number similarity 
Vm Y 


Dd 


and with m 


Var A ai 
v 3 

Thus, Erom The prediction ef tari 
Via Vn Se 


(eb es nba 


Ge to (Im » NT š 


so That With ba, = 1/13 


5/2 
= (bY aso gpm) = 0-410 gpm 


Note That This same result Can be obtained from The Second 
sip larity reguirement ( Which Corresponds fo Froude 
hum ber similarity ) Since 


Gn a 2- 

Bin 4 

ana There hve a Pie * 
m. er) Q 


Geemetric similarity req uires That 


Lim s X 

Kb K 
Or Lem - ka a L 
Zz 3 


So Theat all lengths scale as The length Scale | Thus, 
eee 
(depth -— z (+ ) er^), i 


= (5) (32 in) = 2.46 in 
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(a) 


(b) 


7.71 Flow patterns that develop as winds blow past a 
vehicle, such as a train, are often studied in low-speed en- 
vironmental (meteorological) wind tunnels. (See Video 
V7.16) Typically, the air velocities in these tunnels are in the 
range of 0.1 m/s to 30 m/s. Consider a cross wind blowing 
past a train locomotive. Assume that the local wind veloc- 
ity, V, is a function of the approaching wind velocity (at 
some distance from the locomotive), U, the locomotive 
length, €, height, h, and width, b, the air density, p, and the 
air viscosity, 44. (a) Establish the similarity requirements and 
prediction equation for a model to be used in the wind 
tunnel to study the air velocity, V, around the locomotive. 
(b) If the model is to be used for cross winds gusting to 
U — 25 m/s, explain why it is not practical to maintain 
Reynolds number similarity for a typical length scale 1:50. 


y- £(U, k, h BE p) E 
vsti patr” Jel peL bl PET p= RT 
From The pi theorem, 7-3='%+ pr terms required, Qna a 
c|r'mensiena UR ‘ yre lds 


$ (4,4 b BP) 


Thus, The drink niil 4 ve Le 
Lm. d bm = VE [m ha Um EEE 





tim h Am Hh Mm 2^ 
The prediction e QuLai6 M [5 

V = Vm 

D" Ta 





Since The density ana viscosity of the air Flowmg around The 
Train ana the air jn The wind tunnel luculd be Practically 
the same (JA, dm* a), 16 Follows from The last 
Simi larity Veguirement ( Which ps The Reynolds num ber ) 


tnat U- (3. y tJ 


Thus, wı Th a length SCale of 1°50 and with 


V= m 
ine -(50)(Z5m4)- 429075 


Thus reguited inch Veloeity 18 mach higher Than 
Can be Gceheived 44 The Wind Zunnel Gud 


Theve tore iF ts hot practical fo mantais Key nolds 


Number Simi larity. The reg uired Model veloerty i 
too high. 


d. LR 


7.72 (See "Galloping Gertie," Section 7.8.2.) The Tacoma 
Narrows bridge failure is a dramatic example of the possible 
serious effects of wind-induced vibrations. As a fluid flows 
around a body, vortices may be created which are shed period- 
ically creating an oscillating force on the body. If the frequency 
of the shedding vortices coincides with the natural frequency 


of the body, large displacements of the body can be induced as 0.22 
was the case with the Tacoma Narrows bridge. To illustrate this 
type of phenomenon, consider fluid flow past a circular cylin- 0.20 


der. Assume the frequency, n, of the shedding vortices behind 


the cylinder is a function of the cylinder diameter, D, the fluid 
velocity, V, and the fluid kinematic viscosity, v. (a) Determine 
a suitable set of dimensionless variables for this problem. One 


0.18 


St, aD/V 


0.16 


of the dimensionless variables should be the Strouhal number, 
nD/V. (b) Some results of experiments in which the shedding 0.14 
frequency of the vortices (in Hz) was measured, using a 


particular cylinder and Newtonian, incompressible fluid, are 


: á å : J 0.12 
shown in Fig. P7.7. Is this a “universal curve” that can be used 10 100 1,000 10,000 
to predict the shedding frequency for any cylinder placed in any Re, VDiv 
fluid? Explain. (c) A certain structural component in the form BFIGURE P772 


of a 1-in.-diameter, 12-ft-long rod acts as a cantilever beam with 
a natural frequency of 19 Hz. Based on the data in Fig. P7.7 , 
estimate the wind speed that may cause the rod to oscillate at 
its natural frequency. Hint: Use a trial and error solution. 


(à) n-f(D,v,v) 
n* T^" pst velit s3l1*'T^ 


From the pi theorem, ¥-Z2= 2 pe terms reguired, 
And A climensiona I analysis yields 


= = ¢(& 


pon 8 9 


/ 





(b) Yes. TF te variables of part la ave correct Then 
this is a "universal or general relahonship 


between Jhe SErsu hal Number And Me key nolds 
humber. Ii (5 Vale over the range of 


Reynolds numbers Covered in the ekperimenT . 


(cont ) 
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For n=l Ha an4 Dez u.c ae th 


Ly 
gs a May AY (1) 
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From Sm Assume 3,7021 ana From 
ERR d , Grips £r) 


So That à Tso (5.14 mph) 


Check Re: Ree “VD. (7.54 Zt) -À æ) .. ovo 
LST xi EE 
P7.72 n Ke - 5D, hic pi 2| and therefore 


From Fig. 
lye af Si bk. 
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7.73 (See "Ice engineering," Section 7.9.3.) A model study is 
to be developed to determine the force exerted on bridge piers 
due to floating chunks of ice in a river. The piers of interest have 
square cross sections. Assume that the force, A, is a function the 
pier width, b, the depth of the ice, d, the velocity of the ice, V, 
the acceleration of gravity, g, the density of the ice, p;, and a mea- 
sure of the strength of the ice, Ej, where E; has the dimensions 


(RJ k=f(b, a 
K3F $2Ll adel 


/LT^ gsLT7 


FL *. (a) Based on these variables determine a suitable sèt of di- 
mensionless variables for this problem. (b) The prototype con- 
ditions of interest include an ice thickness of 12 in. and an ice 
velocity of 6 ft/s. What model ice thickness and velocity wouid 
be required if the length scale is to be 1/10? (c) If the model and 
prototype ice have the same density can the model ice have the 
same strength properties as that of the prototype ice? Explain. 


— z 


2,5, Ec) 


fh: FL? EFL 


From the pc Theorem, T-3=4 P! terms reguived , QnA a 


dimen d / analysis 


ge” acs 


(b) bor similarity, 


bm . or dim = 
d. € " 
Jo that 


d, = L (r2 im.) 


=p 


Also, nh 
a 


wim a. 


B 
" 
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VETE VAR ~ 1208 


(c) Fer t LE ) 
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y AY 
ja? / 


| 


ped 


JD 


- [.20 in. 





i Yn = Py" 





Etm 


Thus, 2 


Ee « (Be) (42)- 


Fro | 2 oom 
m Eg C» (“er i s 


E Um T Ec 


Since Am ld > ‘/10 , 


ELLE Since 


£L 


PE and 


Any. model ice 


Cannot have Jame strength properties Mo. 
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7.74 . Asillustrated in Video V7.4, models are commonly 
used to study the dispersion of a gaseous pollutant from an 
exhaust stack located near a building complex. Similarity re- 
quirements for the pollutant source involve the following in- 
dependent variables: the stack gas speed, V, the wind speed, 
U, the density of the atmospheric air, p, the difference in 
densities between the air and the stack gas, p — p,, the ac- 
celeration of gravity, g, the kinematic viscosity of the stack 
gas, v,, and the stack diameter, D. (a) Based on these vari- 
ables, determine a suitable set of similarity requirements for 
modeling the pollutant source. (b) For this type of model a 
typical length scale might be 1:200. If the same fluids were 
used in model and prototype, would the similarity require- 
ments be satisfied? Explain and support your answer with 
the necessary calculations. 


(2) Eee PLT. Peer” Parity" P-A = BE TS 
2T. K z^ DL; (Y fellows Frm the Pe 
theorem That 7-3 = % J; terms are reguired . A dimensional 
a n4lq six yields < j T a Qna fs Hz “ds possi ble 
set of pi rms. Thus, the rris rare ments would be : 
mm. X Vm Dm VD Vam a V (PB)m (pA) 
vm 0T UG. B fe ge A č A 





(Die a uu TOE 
(4) For D = 22 ana 4 2-7 The oCcond SIm larity 
regui re ment so Vm a 7$. D 4 200 (see ps.) 
V Vs Om 


However, from The Third similarity veguivement lity 


m m E | / 
d d — —À = >on 


This result conflicts with That from The SCC ol 
Similarity reguiremenE Qna Theresore The sirmlarity 


regusrements Cannot be sadished Under The stated 
Qon d SIONS. No 
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7,75 River models are used to study many different 
types of flow situations. (See, for example, Video V7.12) A 
certain small river has an average width and depth of 60 ft 
and 4 ft, respectively, and carries water at a flowrate of 700 
ft?/s. A model is to be designed based on Froude number 
similarity so that the discharge scale is 1/250. At what depth 
and flowrate would the model operate? 


For Froude 2 umbe«r sim larity 
Vm dl 
[m Z 
Where L 1s Some characteris Hit Length , And wih f? 
Van — \ Lom 
PB 


Since the flowrate (5 (p= VA, Where A is The 


appro priate ross Secd1ona / frea, 





Qo c [JE Po 
Q VA A A 
Also Am = (Am)? 
A £ g 
So That in Nan, ab (1) 
e tæ) — 250 
h 
TM m Ô. IIO 
7 


Gn d for A Prote type depth of 4A The 


Corresponding model depth ts 


Êm ONO) = 0.440 ft 





The Mode! flowrate 1S obtained trom E 2. Ci 


Í 3 
Q, = xe {To $ ) = Aso TU 
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7.76 | As winds blow past buildings, complex flow pat- 
terns can develop due to various factors such as flow sepa- 
ration and interactions between adjacent buildings. (See 
Video V7./3) Assume that the local gage pressure, p, at a 
particular location on a building is a function of the air den- 
sity, p, the wind speed, V, some characteristic length, €, and 
all other pertinent lengths, €, needed to characterize the 
geometry of the building or building complex. (a) Deter- 
mine a suitable set of dimensionless parameters that can be 
used to study the pressure distribution. (b) An eight-story 
building that is 100 ft tall is to be modeled in a wind tun- 
nel. If a length scale of 1:300 is to be used, how tall should 
the model building be? (c) How will a measured pressure in 
the model be related to the corresponding prototype pres- 
sure? Assume the same air density in model and prototype. 
Based on the assumed variables, does the model wind speed 
have to be equal to the prototype wind speed? Explain. 


(Q) p=f (Pv, 2 Qj) 
PSP"  peppDUr- yaitt YSL fa] 
From The pr Theorem, 5-3=2 pe Ferms equi reet, and & 
cli mensional analysis geld 


oe = (Fe) 


(5) Fer geometric similarity 


Ee. 4 
Lim 
So thet am E m 
A Ft | 
Gnd i follows That all Pertinent lengths are Scaled wth 
The Length Stale Kig P, Thus, Ww itn Be /4 - V/3ao 


model Weight = E = 0.333 ft 


3 0o 
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CC ) W ith geometric similari 5S&lisdred it 4, llows That 
P = Pam 
PV> Pam Vins 
“Thus, lo ith fm =P T 
= (| Ta 
With the set of given Variables There is no yequiremect 


for The Velocity scale Vm JV, So the Mode) wind Speed 
dogs net have +o i eguad the The prototy pe wine 


Speed. No. 
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7.77 Start with the two-dimensional conti- 
nuity equation and the Navier-Stokes equations 
(Eqs. 7.35, 7.36, and 7.37) and verify the non- 
dimensional forms of these equations (Eqs. 7.38, 
7.41, and 7.42). . 


ou + 5t (Eg. 7. 35) 
2 2 
P Situ Gler gE) EP vn (es n zx) (Es. 7.36) 


2 Es BE) -GP -ea P H1) ey rom 
As indicated ın Sectioun 7.10 ki 


*- E. *- t e 
"uir v“ Z $ s 
A x rw. V or 
x = — ~~ = S E. 
A Ur BUR 


The Various transformations lh be Made «s dedii : 
Qu. 2(Vu*))g* | y 2u” 


aX ax* Fx A ax* 
and similarly , 
Qv. V2V* — au. Y 24 our, vv“ 
Ax A ix* dy X dyt By RK dy* 
A 
= 2*4 . V. 2. fou* )2X" -. V. 2*u* 
axe A 2«* Vaxe [Ux L eee 
and similarly, 
gy. veyt Ful yvadu*®* yev y vp 
JX Aate y^ qUaye py BB Gye? 
For The local acceleration, 


pu _ Avu”) at" V a” 

dt arr 2f E SAT 
and — similar/q, 

gu. Y àr” 

2 E DE" 


( Con Z ) 
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For The pressure terms J 


2B. 2 Bp dx*. dh 2p 

2X 2x* OX X 2ax* 
and similarly, 

ap. te ap” 

09 R day* 


Substitution of The various terms , txpressecl in terms of 
the dimensionless variables y} Can be made into The origina! 


di Fhevenhal eg uations ( £45. 7.357 236, ena 7.37) de 
Yield Egs. 1-38, 7:39, and 7.40. To obtain he Final 


form fer ERS. 7.41 and 7.42 divide each term 
by VYR. 


7.78 


7.78 A viscous fluid is contained between wide, parallel 

plates spaced a distance h apart as shown in Fig. P7.78.The 

, upper plate is fixed, and the bottom plate oscillates harmonically 
with a velocity amplitude U and frequency w. The differential 
equation for the velocity distribution between the plates is 


du Ou 
ea A 
where u is the velocity, t is time, and p and p are fluid density 


and viscosity, respectively. Rewrite this equation in a suitable 
nondimensional form using h, U, and w as reference parameters. 


ea Fixed plate 





m ua - (eos wt 








21 Jtt Jt at ót* 
Vu” s A 2u* 
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+ ¥ DY j dyn? 
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7.74 The deflection of the cantilever beam of 
Fig. P7.79 is governed by the differential equation 
dY 
EI x P(x — l) 
where E is the modulus of elasticity and / is the 
moment of inertia of the beam cross section. The 
boundary conditions are y = 0 at x = 0 and 
dyldx — 0 atx = 0. (a) Rewrite the equation 
and boundary conditions in dimensionless form 
using the beam length; & as the reference length. 
(b) Based on the results of part (a) what are the 
similarity requirements and the prediction equa- 
tion for a model to predict deflections? 





ca) Let y-P and x> 5 So That 
du. gs )gx*. p du" fiv. d 
dE dx* dx ^ dx* (4) ^ dx* 
qnd 
44 . d (dy dst ad da” 
x> dx* \dx*/dx R "dye 


Thus, the origina! differential equation becomes 


Fr dy = P (0-1) 

£ | dx** 

ov d* + - po * 
he E (td 


and The boundary conditions are 
ae * 
d =O at x eb aud d =O at L720. 








(5) The Similarity reg uivements aye 
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Xw ^ E EI 
The prediction eg uation lS 
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or LEE 
Á Sá 
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7.80 Aliquid is contained in a pipe that is 
closed at one end as shown in Fig. P7.80. initially 

. the liquid is at rest, but if the end is suddenly 
opened the liquid starts to move. Assume the 
pressure p, remains constant. The differential 
equation that describes the resulting motion of 
the liquid is 


Suh e Bu [gue , REC) 
P vat Ü or r or 


where v, is the velocity at any radial location, r, 
and t£ is time. Rewrite this equation in dimen- 
sionless form using the liquid density, p, the vis- 
cosity, #4, and the pipe radius, R, as reference 
parameters. 


t. + z*. f 4 
Let r B j T a^ 
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Py End initially 
| closed 





FIGURE P7.80 
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parameters having tre dimensions of a velocity. Let 
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7.8] | Anincompressible fluid is contained be- 
tween two infinite parallel plates as illustrated in 
Fig. P7.6/. Under the influence of a harmonically 
‘varying pressure gradient in the x direction, the 
fluid oscillates harmonically with a frequency w. 
The differential equation describing the fluid mo- 
tion is 
du g'u 
prs = BGS SE ee 
where X is the amplitude of the pressure gradient. 
Express this equation in nondimensional form us- 
ing h and w as reference parameters. 





FIGURE P7.@! 
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7.82 Flow from a Tank 


Objective: When the drain hole in the bottom of the tank shown in Fig. P7,82 is opened, 
the liquid will drain out at a rate which is a function of many parameters. The purpose of 
this experiment is to measure the liquid depth, h, as a function of time, ż, for two geometri- 
cally similar tanks and to learn how dimensional analysis can be of use in situations such as 
this. 


Equipment: Two geometrically similar cylindrical tanks; stop watch; thermometer; ruler. 


Experimental Procedure: Make appropriate measurements to show that the two tanks 
are geometrically similar. That is, show that the large tank is twice the size of the small tank 
(twice the height; twice the diameter; twice the hole diameter in the bottom). Fill the large 
tank with cold water of a known temperature, T, and determine the water depth, h, in the 
tank as a function of time, t, after the drain hole is opened. Thus, obtain ^ — h(t). Note that 
t ranges from t = O when hk = H (where H is the initial depth of the water), to £ = tfo then 
the tank is completely drained (h — 0). Repeat the measurements using the small tank with 
the same temperature water. To ensure geometric similarity, the initial water level in the small 
tank must be one-half of what it was in the large tank. Repeat the experiment for each tank 
with hot water. Thus you will have a total of four sets of h(t) data. 


Calculations: Assume that the depth, A, of water in the tank is a function of its initial 
depth, H, the diameter of the tank, D, the diameter of the drain hole in the bottom of the 
tank, d, the time, t, after the drain is opened, the acceleration of gravity, g, and the fluid den- 
sity, p, and viscosity, 4. Develop a suitable set of dimensionless parameters for this problem 
using H, g, and p as repeating variables. Use ¢ as the dependent parameter. For each of the 
four conditions tested, calculate the dimensionless time, tg’/H'”, as a function of the di- 
mensionless depth, h/H. 


Graph: Ona single graph, plot the depth, h, as ordinates and time, t, as abscissas for each 
of the four sets of data. 


Results: On another graph, plot the dimensionless water depth, h/H, as a function of di- 
mensionless time, 1g ^/H'^, for each of the four sets of data. Based on your results, com- 


ment on the importance of density and viscosity for your experiment and on the usefulness 
of dimensional analysis. 


Data: To proceed, print this page for reference when you work the problem and ¢lick here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 7.82: Flow from a Tank 


H for big tank, in. 
16.0 


h, in. 


Big Tank with T = 57 deg C 


16.0 
12.0 
8.0 
4.0 
0.0 


Big Tank with T » 20 deg C 


16.0 
12.0 


8.0 


0.0 
22 
20.0 
95:5 
97.0 


0.0 
9.0 
20.3 
39.0 
972 


Smali Tank with T = 57 deg C 


8.0 
7.0 
5.0 
3.0 
1.0 
0.0 


0.0 

3.1 
9*5 
18.2 
30.1 
414 


Small Tank with T » 20 deg C 


0.0 
3.0 
10.0 
18.1 
92.9 
43.0 


H for small tank, in. 


(Coat) 


oot 


ene 


tg 


0.0 
45.2 
98.8 
166.1 

280.1 


0.0 
442 
99.8 
162.2 

281.1 


0.0 
21.5 
66.0 
126.5 
209.2 
287.7 


0.0 
20.8 
69.5 

125.8 
225:9 
298.8 


h/H 


1.000 
0.750 
0.500 
0.250 
0.000 


1.000 
0.750 
0.500 
0.250 
0.000 


1.000 
0.875 
0.625 
@:375 
0.125 
0.000 


1.000 
0.875 
0.625 
0.375 
0:126 
0.000 


^82 
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Problem 7.82 
Water depth, h, vs time, t 







—*— Big tank, T = 57 deg C 
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Problem 7.82 
Dimensionless Depth, h/H, 
vs 
Dimensionless Time, t*(g/H)^0.5 
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7.83 Vortex Shedding from a Circular Cylinder 


Objective: Under certain conditions, the flow of fluid past a circular cylinder will pro- 
duce a Karman vortex street behind the cylinder. As shown in Fig. P7.83, this vortex street 
consists of a set of vortices (swirls) that are shed alternately from opposite sides of the cylin- 
der and then swept downstream with the fluid. The purpose of this experiment is to deter- 
mine the shedding frequency, w cycles (vortices) per second, of these vortices as a function 
of the Reynolds number, Re, and to compare the measured results with published data. 


Equipment: Water channel with an adjustable flowrate; flow meter; set of four different 
diameter cylinders; dye injection system; stopwatch. 


Experimental Procedure: Insert a cylinder of diameter D into the holder on the bot- 
tom of the water channel. Adjust the control valve and the downstream gate on the channel 
to produce the desired flowrate, Q, and velocity, V Make sure that the flow-straightening 
screens (not shown in the figure) are in place to reduce unwanted turbulence in the flowing 
water. Measure the width, b, of the channel and the depth, y, of the water in the channel so 
that the water velocity in the channel, V = Q/(by), can be determined. Carefully adjust the 
control valve on the dye injection system to inject a thin stream of dye slightly upstream of 
the cylinder. By viewing down onto the top of the water channel, observe the vortex shed- 
ding and measure the time, ?¢, that it takes for NV vortices to be shed from the cylinder. For a 
given velocity, repeat the experiment for different diameter cylinders. Repeat the experiment 
using different velocities. Measure the water temperature so that the viscosity can be looked 
up in Table B.1. 


Calculations: For each of your data sets calculate the vortex shedding frequency, 
w = N/t, which is expressed as vortices (or cycles) per second. Also calculate the dimen- 
sionless frequency called the Strouhl number, St — wD/V, and the Reynolds number, 
Re = pVD/-. 


Graph: Ona single graph, plot the vortex shedding frequency, w, as ordinates and the 
water velocity, V, as abscissas for each of the four cylinders you tested. On another graph, 
plot the Swouhl number as ordinates and the Reynolds number as abscissas for each of the 
four sets of data. 







Dye injection 


Cylinder 





| Karman vortex street 
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7.83 (cont? 


Results: On your Strouhl number verses Reynolds number graph, plot the results taken 
from the literature and shown in the following table. 


St Re 
0 <50 
0.16 100 
0.18 150 
0.19 200 
0.20 300 
0.21 400 
0.21 600 


0.21 800 


Data: To proceed, print this page for reference when you work the problem and e/ick here 
to bring up an EXCEL page with the data for this problem. 


Solution for Problem 7.83: Vortex Shedding from a Circular Cylinder 


T,degF  b,ft 
70 0.50 
Data from Literature 
Q, ft^3/s  y,ft D, ft N ts o cycles/s V, ft/s Re St Re St 
0.036 082 0.0202 10.0 15942 0.758 0.0878 169 0.174 50 0.00 
0.036 0.82 0.0314 10.0 19.9 0.503 0.0878 263 0.180 100 0.16 
0.036 082 0.0421 100 24.5 0.408 0.0878 352 0.196 150 0.18 
0.036 0.82 0.0518 10.0 30.1 0.332 0.0878 433 0.196 200 0.19 
300 0.20 
400 0.21 
0.062 0.79 0.0202 10.0 6.3 1.587 0.1570 302 0.204 600 0.21 
0.062 0.79 0.0314 10.0 9.6 1.042 0.1570 469 0.208 800 0.21 
0.062 0.79 0.0421 10.0 25 0.800 0.1570 629 0.215 
0.062 0.79 0.0518 10.0 19:5 0.662 0.1570 774 0.219 
0.029 0.86 0.0202 10.0 19.2 0.521 0.0674 130 0.156 
0.029 0.86 0.0314 10,0 282 0.355 0.0674 202 0.165 
0.029 086 0.0421 10.0 63.1 0.302 0.0674 270 0.189 
0.029 0.86 0.0518 10.0 36.7 0.272 0.0674 338 0.209 
0.018 0.92 0.0202 10.0 912 0.321 0.0391 75 0.165 
0.018 092 0.0314 10.0 41.3 0.242 0.0391 ala ler 0.194 
0.018 092 00421 10.0 522 0.192 0.0391 157 0.206 
0.018 0.92 0.0518 10.0 65.3 0.153 0.0391 193 0.203 
œo = N/t 
V = Q/(by) 
St = wD/V and Re = DV/v, where 
v 2 1.052E-5 ft^2/s 
/ 
(Cont ) 
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Problem 7.83 
Shedding Frequency, o, vs Velocity, V 







—€— D - 0.0202 ft 
—Bi— D = 0.0314 ft 
—#— D = 0.0421 ft 
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7.84 Head Loss across a Valve 


Objective: A valve in a pipeline like that shown in Fig. P7.94 acts like a variable resis- 
tor in an electrical circuit. The amount of resistance or head loss across a valve depends on 
the amount that the valve is open. The purpose of this experiment is to determine the head 
loss characteristics of a valve by measuring the pressure drop, åp, across the valve as a func- 
tion of flowrate, Q, and to learn how dimensional analysis can be of use in situations such 
as this. 


Equipment: Air supply with flow meter; valve connected to a pipe; manometer connected 
to a static pressure tap upstream of the valve; barometer; thermometer. 


Experimental Procedure: Measure the pipe diameter, D. Record the barometer read- 
ing, Ham in inches of mercury and the air temperature, T, so that the air density can be cal- 
culated by use of the perfect gas law. Completely close the valve and then open it N turns 
from its closed position, Adjust the air supply to provide the desired flowrate, Q, of air through 
the valve. Record the manometer reading, h, so that the pressure drop, Ap, across the valve 
can be determined. Repeat the measurements for various flowrates. Repeat the experiment 
for various valve settings, N, ranging from barely open to wide open. 


Calculations: XForeach data set calculate the average velocity in the pipe, V = Q/A, where 
A = mD?/4 is the pipe area. Also calculate the pressure drop across the valve, Ap = Ymh, 
where Ym is the specific weight of the manometer fluid. For each data set also calculate the 
loss coefficient, Ki, where the head loss is given by Aj = Ap/y = K,V7/2g and y is the 
specific weight of the flowing air. 


Graph: Ona single graph, plot the pressure drop, Ap, as ordinates and the flowrate, Q, 
as abscissas for each of the valve settings, N, tested. 


Results: On another graph, plot the loss coefficient, Ki, as a function of valve setting, N, 
for all of the data sets. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 7.84: Head Loss across a Valve 


D, in. Hatm, in. Hg T, deg F 
0.81 28.7 70 
h, in. Q, ft^3/s Ap, b/ft^2 


N = 2 Turns Open Data 


9.20 0.295 47.8 
6.50 0.195 33.8 
5.04 0.169 26.2 
N = 3 Turns Open Data 
9.40 0.479 48.9 
6.39 0.386 32.9 
5.01 0.341 26.1 
3.62 0.289 18.8 
1.92 0.214 10.0 
N = 4 Turns Open Data 
9.35 0.827 48.6 
7.65 0.767 39.8 
6.01 0.691 313 
4.32 0.578 225 
3.24 0.504 16.8 
2.62 0.456 13.6 
1.85 0.391 9.6 
0.98 0.283 bal 
N = 5 Turns Open Data 
3.03 0.897 15.8 
2.97 0.799 1219 
1.79 0.701 9.3 
1.39 0.618 ee 
0.97 0.517 5.0 
0.64 0.426 3.3 
Ap = yH20"h 


K, = Ap/(pV*/2) where 
V = Q/A= Q/(x*D*/4) 
and 

P = Pam/ RT where 


Patm = Yng Hatm = 847 Ib/ft^3*(28.7/12 ft) 2 2026 Ib/ft^2 


R = 1716 ft Ib/slug deg R 
T = 70 + 460 = 530 deg R 


Thus, p = 0.00223 slug/ft^3 


(cont ) 
1-45 


V. ft/s 


65.7 
94.5 
47.2 


133.9 
107.9 
gos 
80.8 
99.8 


28.7 
214.3 
193.1 
161.5 
140.8 
127.4 
105-3 
79.1 


250.7 
223.3 
195.9 
172.7 
144.5 
119.0 


NNN 


HAHA A AAA C9) CO) C2 C20 CO 


O O OA MAMA Oi 


KL 


9.95 
10.21 
10.54 


2.45 
2.54 
2. Sif 
2.98 
2.90 


0.816 
Orco 
0.752 
0.772 
0.762 
0.752 
0.723 
0.731 


0.225 
0.222 
0.218 
0.217 
0.217 
0.211 


AD, Ib/ft^2 








Problem 7.84 
Pressure Drop, Ap, vs Flowrate, Q 








0.2 0.4 0.6 0.8 1 
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Problem 7.84 
Loss Coefficient, K,, 
vs 
Number of Turns Open, N 








TR 


^8 


2 





7.95 Calibration of a Rotameter 


Objective: The flowrate, Q, through a rotameter can be determined from the scale read- 
ing, SR, which indicates the vertical position of the float within the tapered tube of the ro- 
tameter as shown in Fig. P7.85. Clearly, for a given scale reading, the flowrate depends on 
the density of the flowing fluid. The purpose of this experiment is to calibrate a rotameter 
so that it can be used for both water and air. 


Equipment:  Rotameter, air supply with a calibrated flow meter, water supply, weighing 
scale, stop watch, thermometer, barometer. 


Experimental Procedure: Connect the rotameter to the water supply and adjust the 
flowrate, Q, to the desired value. Record the scale reading, SR, on the rotameter and mea- 
sure the flowrate by collecting a given weight, W, of water that passes through the rotame- 
ter in a given time, ¢. Repeat for several flow rates. 

Connect the rotameter to the air supply and adjust the flowrate to the desired value as 
indicated by the flow meter. Record the scale reading on the rotameter. Repeat for several 
flowrates. Record the barometer reading, #7,,,,, in inches of mercury and the air temperature, 
T, so that the air density can be calculated by use of the perfect gas law. 


Calculations: For the water portion of the experiment, use the weight, W, and time, 1, 
data to determine the volumetric flowrate, Q = W/yt. The equilibrium position of the float 
is aresult of a balance between the fluid drag force on the float, the weight of the float, and 
the buoyant force on the float. Thus, a typical dimensionless flowrate can be written as 
Q/(d(p/Va(p; — p))'^], where d is the diameter of the float, V is the volume of the float, g 
is the acceleration of gravity, p is the fluid density, and p; is the float density. Determine this 
dimensionless flowrate for each condition tested. 


Graph: Ona single graph, plot the flowrate, Q, as ordinates and scale reading, SR, as ab- 
scissas for both the water and air data. 


Results: On another graph, plot the dimensionless flowrate as a function of scale reading 
for both the water and air data. Note that the scale reading is a percent of full scale and, 
hence, is a dimensionless quantity. Based on your results, comment on the usefulness of di- 
mensional analysis. 


Data: To proceed, print this page for reference when you work the problem and click iwere 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 7.85: Calibration of a Rotameter 


d, in. V. in.^3 


1.40 1.50 
Air Flow Data ' 
SR Q, ft^3/s 
14.6 0.229 
2.5 0.321 
28.1 0.413 
33.6 0.491 
39.2 0.564 
44.8 0.644 
50.2 0.714 
55.9 0.798 
63.1 0.888 
68.6 0.973 
73:5 1.05 
76.2 1.08 
Water Flow Data 
SR W, Ib 
151 6.52 
18:5 8.01 
24.2 7.02 
28:2 7.81 
BTA 8.20 
45.7 9.21 
52.6 8.19 


P = Patm/ RT where 


Patm = YHg"Hatm = 847 Ib/ft^3*(29.05/12 ft) 2 2050 Ib/ft^2 


Pr slug/ft^3 
Teil 


Ls 
19.9 
M 
10.4 
10.1 

8.4 

hed 

9.7 


R = 1716 ft Ib/slug deg R 
T 278 * 460 - 538 deg R 


Thus, p = 0.00222 slug/ft*3 


Hass 
29.05 


Q, ft^3/s 
0.0053 
0.0073 
0.0108 
0.0124 
0.0156 
0.0197 
0.0230 


(con E) 
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T, deg F 
78 


(Q/d)[o(Vg(prp))]1/2 


0.142 
0.200 
0.257 
0.305 
0.351 
0.400 
0.444 
0.496 
0.552 
0.605 
0.653 
0.671 


(Q/d)[p/(Vg(prp))}1/2 


0.103 
0.143 
0.213 
0.244 
0.308 
0.387 
0.453 


785 (Cont) 


Problem 7.85 
Flowrate, Q, vs Scale Reading, SR 





Problem 7.85 
Dimensionless Flowrate vs Scale Reading 


(Q/d[p/(Vg(oc-o))] ^ 
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8.2 Water flows through a 50-ft pipe with a 0.5-in. diameter at 
5 gal/min. What fraction of this pipe can be considered an entrance 
region? 


Based on Tables 1.3 £ 1.9 
S Iain = LI x107? ^ 7s 


Determine Ke 


iaro” A f 
Ve oy T CEP " oi / 1s 
y la 


A= 
Re = UE = en C a 2. 8l x/o* 
. X 


For turbulent flow 
Fe. 4.4/(Re)™ 
Yo 
f, x (95/4) 4. 4 ( 2. ¥1x/04 
be = 1.0 ft 


8.3 Rainwater runoff from a parking lot flows through 


a 3-ft-diameter pipe, completely filling it. Whether flow in 
a pipe is laminar or turbulent depends on the value of the 


Reynolds number. (See Video V8.4) Would you expect the 
flow to be laminar or turbulent? Support your answer with 
appropriate calculations. 


Re = Pi? = yp. If Re>#000 the flow is turbulent. The 


corresponding velocity is 


pa Xr 
y= Rey - (ooo art $1. o orsi E 


Most likely the velocity will be greater than this, i.e, turbulent flow. 





8.4 Blue/and yellow streams of paint at 60 °F (each with a den- Green? 
sity of 1.6 slugs/ft? and a viscosity 1000 times greater than water) 
enter a pipe with an average velocity of 4 ft/s as shown in Fig. 
P8.44, Would you expect the paint to exit the pipe as green paint or 
separate streams of blue and yellow paint? Explain. Repeat the 
problem if the paint were “thinned” so that it is only 10 times 
more viscous than water. Assume the density remains the same. 





FIGURE P8.4 


If the flow is laminar the paint would exit as separate blue and 


yellow streams. 


shos (y EN EE 
Res BYD o BVD | L EEBU ys 6 a200 


/O00//, 9 ^  J000 (2.3 x/v* bz) 
Thus, lamraar flow SO blve and yellow streams, 
If vse y = 10%; o obtain 


Re = 4560>4000 so have turbulent flow with natural mixing and 
green paint. 
Note : Check to determine if the 25 ff length is greater than the 
entrance length ; Z , 
For laminar low Je =0.06 Ke, or b, =0.06 (48.6)(% H) 2 0.«s« fl « 25fi 


For turbulent flow ke =44 Re or b - 44(*sso)*( e fl) 2 2.99 f «25fl 


8.5 Air at 200 °F flows at standard atmospheric pressure in a pipe 
at a rate of 0.08 ib/s. Determine the minimum diameter allowed if 
the flow is to be laminar. 


i VD. 
Maximum Re =£- for laminar flow is Re =2lo0o0, 


or with 
V= = [P -PID apQ 





nm j Ai - 2/00 
Hence, 
o. 21007 D 
T 4e (1) 
x "WOES 0.082 , where ğ = - p and e 
U 


(1.2 xiu 1.) E 
MAE eov slogs 
UE (17/6 aos 446012 00)°R 0. 00/87 m 


SO that Jb e 
Q- Q.08 PERLE 
(32.2 # )(o. TT she) * 


Hence, with JT 4, 49? X/0 P us ji (see Table 8, 3) £e. (1) gives 
pu #09 1 (0.00187 #8) (1 33) 








2100 7 JL - 21007 ($9? xi 7 lg) — — 3.36 fl 


$- 


J. 6 


8.6 To cool a given room it is necessary to supply 4 ft’/s of air 
through an 8-in.-diameter pipe. Approximately how long 1s the en- 
trance length in this pipe? 


y= i = tin - /1, 5E Thus, with J/-1 57x16 4. (see Table 1,6 ) 
4 V 


Re = = 1158 GE PU. (f) = 48800 >#000 so the flow is turbulent. 
V psmxid E 
Hence, 
Y, 
E - 44 Re, or d - f (48800) (&) -/z7 f 


-S 


8.7 A long small-diameter tube is to be used as a viscometer by 
measuring the flowrate through the tube as a function of the pres- 
sure drop along the tube. The calibration constant, K = Q/Ap, is 


calculated by assuming the flow is laminar. Por tubes of diameter 
0.5, 1.0, and.2.0 mm, determine the maximum flowrate allowed 
(in cm/s) if the fluid is (a) 20 °C water, or (b) standard air. 


pp m f,=0 
ham Pai 


Rex where Q= VA=#D°V 


PE 4QD 4Q DvR 
T DY Ke 
Re = TD ^ Toy, ^ Q = 4 


Maximum Q occurs wilh maximum Re for laminar flow * Re = 2100 
Thus, Q7 lésovb 


a) For 20°C water V= 4004 x10 6 
E 2 4 3 
Hence, Qmax = 1650 (1.004 xl0°@ )D = 466 x0 D 2 wilh Dem 


"2 
b) For standard air V= 1. 46x jo? & 
2 a 3 
Hence, Omax * 1650 (L#ExIOS yD = 24x10 D Æ wiih Dom 


Thus, the following valves are obtained 


3 3 
cm 
D, m Qo J S$ OT S, 

















(a) waler 0.0005 8.30x,07 0,83 
0. 0010 Legxo” 1,66 
0. 0020 3,32 x J0* 










| -5 
(b)ain 0.0005 DEM 
0,00) 2. 41K/0 2.4.1 
0.002. 4,82 XIV “0.2 


Note: | em? =10°m? 





8.3 Carbon dioxide at 20 °C and a pressure 
of 550 kPa (abs) flows in a pipe at a rate of 0.04 
N/s. Determine the maximum diameter allowed 
if the flow is to be turbulent. 


For turbulent flow , Re = ev > 4000 : where Q-VA-ZLDVv 


r > _429D . 4gQ 
Re p D^ mE mAb 
Thus, — 4 


Q 
D = 400074, J W 


Hence N l 
J : 4j. 
m 4 (0.092) (812) —— 


4000 7^ (1,47 x10 EF) 


= $000 


here geQ= 0.04 € and u 74 x/0 NS, (Table 1.8) 


x (m) (+0.01 m) p (mm H,O) (+5 mm) 
8, 9 The pressure distribution measured along Q (tank exit) 520 
a straight, horizontal portion of a 50-mm-diam- 0.5 427 
eter pipe attached to a tank is shown in the table 1.0 351 
below. Approximately how long is the entrance S 288 
length? In the fully developed portion of the flow. 2.0 236 
what is the value of the wail shear stress? 2.5 188 
3.0 145 
3.5 109 
4.0 73 
4.5 36 
5.0 (pipe exit) 0 





The entrance length extends to the fully developed portion in 
which op = constant. Appr oximate of a Se ło obtain the following: 


From X= | lox*t 1m | óp tam 1,0 Sf fte fio 
O —/86 
0,5 "2 
1,0 -/26 
IS -/0 4 
2.0 - 96 
2-5 - B86 
3.0 -72 
3.5 = 
4.0 - 74 
45 = Te 





Within the error on dp, the pressure gradient is constant 
for X23,m Thos, Z a InN, 


For X>3m j F = 72 oe h0 Since | mm IO X fp oO m 46009) 
e Ihe» 
Of «= FP OL main se. 704 ig 
mm M? 


Since af = 4 WE if follows that 


= 2 - ET (70425) - 8.831. 











£ 


8.10 (See Fluids in the News article titled “Nanoscale flows,” Sec- 
tion 8.1.1.) (a) Water flows in a tube that has a diameter of 
D = 0.1 m. Détermine the Reynolds number if the average veloc- 
ity is 10 diameters per second. (b) Repeat the calculations if the 
tube is a nanoscale tube with a diameter of D = 100 nm. 

z 


. VD B _ -4 m* 
(a)Re= > where D=Olm , V=10(0.Im)/s = 12 and Y= 1j2x10* 2 


VS, 
or (152) (0. m) 


= 69300 
-6 m? J 








D E - -— 
(b) Re = T where D= 100m 2,7) = JO m ; V 2 I0 (10 ^m)/s -16 2 
and V=l 12x0 f 2 
Thus 
Re = (10°F) (10""m) 


-8 
: - 8,43x10 
1,12x ]0 6m lIc———— i 
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8.12 For fully developed laminar pipe flow in a circular pipe, the 
velocity profile is given by u(r) = 2 (1 — r/R?) in ms, where R 
is the inner radius of the pipe. Assuming that the pipe diameter is 
4 cm, find the maximum and average velocities in the pipe as well 
as the volume flow rate. 


uir) = Rll- ng) 


Based on E9. (2-7), 
Maximum velocity, Vez AVS E As 





We Could also use the fact that the maximum 
elociy occurs at the cenkriine of the pipe, r=O0 


uto) 2 a(l- Om) - 2 ^s 


Average velocity, V 
V= Ye/a= Ha = | "hs 





Volume How pate, Q 
Q=VA = (1) $0.04)" = 1.26 x 1034s 


p 


§-/O 
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8.15 The wall shear stress in a fully developed 
flow portion of a 12-in.-diameter pipe carrving 
water is 1.85 Ib/ft". Determine the pressure gra- 
dient, dp/dx, where x is in the flow direction, if 
the pipe is (a) horizontal, (b) vertical with flow 
up, or (c) vertical with flow down. 


Ln general, ap — TE soo = on 


Thus, with T=% at r=2 and of - - of this becomes 
og go i — P si5O 
a) For a horizontal pipe O70 


b 
ee llas) Ib 


b) For vertical flow up O= 90° 


Lf oy S. ESSI 62.410 ~ _699 lb 


de |f fi? ~ 62.9 Ta 
and 
c) For vertical flow down O=- ose bl 
AT ... 4(.85 1i) Ib _ lb 
af =- 5 +t =- | fi + 62.4 7, = 25.0 gà 


8-H 
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8.15 


8.14 | The pressure drop needed to force water 
through a horizontal 1-in.-diameter pipe is 0.60 
psi for every 12-ft length of pipe. Determine the 


Shearstresson the pipe wall. Determine the shear 


stress at distances 0.3 and 0.5 in. away from the 
pipe wall. 


For a horizontal pipe v diss ZL or TE "3 


Thus, 
(0.6 x/44 His) SEE 
tr = F 2(12. tt ) = 3.6 Pu j where r~ff 
ence, 


db 
= 3.6(95) = o/s aft 
x with r= (0.5-0. 3) in = 0.2 in., 
T= 3.6 02 ) = 0.06 1: 0.06 Ffa 
Finally, with r=(0.5-05)in=Oin % =O 








8.15 Repeat Problem 8.14 if the pipe is on a 20° hill. Is the flow 
up or down the hill? Explain. 


For a pipe on a hill = aie» Fan, where 9=+20° 


r 
Assume the flow is uphill: 6= +2 o 
TAN TE HF - ? sin6| or BA ag qot fe. - 62. el. siad] 
= = - 0,295 P. Since we must how (wy 79, the Flow must not 
be uphill. 


Assume the flow 1's down hill: @ = - 20° P" 
Thus, T= E r. or T= Fm En r, sinz4' 


=/3r 4 , where r~ ft. The 
Hence, with r «2 ; 
ence, with =z flow is downhill 


= 65) - 
dy =/43( 2S) = 0.596 He 


With r= (05-03)in = 0.2 in. 


T=/43 22) = 0,238 2 


With r=(05-0.5)in. =O ea 
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8.16 


8.1G Water flows in a constant diameter pipe 
with the following conditions measured: At sec- 


tion (a) p, — 32.4 psi and z, — 56.8 ft; at section (bh) 
(b) p, —^ 29.7 psi and z, = 68.2 ft. Is the flow 
from (a) to (b) or from (b) to (a)? Explain. 


(a) 


Assume the flow is uphill. Thos, ie + X +2, = C 2 Zp +h 
or with Va = V, 5 


(32.4 psi -24 7psi jha 
hy = fi +2, - -2p = £ 52.4 eu TT 156.811 -68.2f1 
"FP 


or 
h, -—5,7 fl «0, which is impossible. Thus, the flow is downhill, from (b) tola). 


*8.17 Some fluids behave as a non-Newtonian power-law fluid (b) Plot the dimensionless velocity profile u/V,, where V, is the 
characterized by + = —C(du/dr)", where n = 1,3,5, and so centerline velocity (at r = 0), as a function of the dimension- 
on, and C is a constant. (If n — 1, the fluid is the customary less radial coordinate r/(D/2), where D is the pipe diameter. 
Newtonian fluid.) (a) For flow in a round pipe of a diameter D, Consider values of n = 1, 3, 5, and 7. 

integrate the force balance equation (Eq. 8.3) to obtain the ve- 

locity profile 


s. cn (Ap | (n+ 1)/n er 
u(r) (n + 1) E i 2 


n 
(a) for any flvid rr so that with wm we obiain 


f= -2C (4y) oe gto 2b)" p : 


or 
-{ du =(2¢7 eT ph "dr which integrates to give 


u--(zeh Tult. p Un) 1 j where ©, is a constant. (1) 
The fluid sticks’to the pipe so that u=O at r-2. 
€ from £4 a 


= (e) mT (2]* 


S0 ud 
fpe ay 





) 





= Thad Sar 


* Mole : Since we are considerin Pm odd integer valves for 
n we ae vse the fact that 


(dz) - where K>O then du 2l kh 


so thal us 
(b) From portla): 


wer) = aba (oe) oii (ey | a) 


let V. = u(r-o), = Gon (ey (2 DYA } (3) 


Note: For T= da vith de 2 <0 and N an , integer , 1o have 
7 >0, wemust have oa. Thus, from F9.@), V.>0 as it must. 


Dy dividing Eg. (2 by Eo, (3) we obtain 


(con't) 
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(con 
3H) 


a" Tal ; 
Ve (2) 
This resvll is plolled below for n=, 3, 5 and7, with Os (2j 


An EXCEL program Was vsed to do the calculations and plotting. 


n= 1 n=3 nz5 nz7 
r/(D/2) u/V.. uv. u/V, uv. 
0 1 1 1 1 
0.05 0.998 0.982 0.973 0.967 
0.1 0.990 0.954 0.937 0.928 
0.15 0.978 0.920 0.897 0.886 
0.2 0.960 0.883 0.855 0.841 
0.25 0.938 0.843 0.811 0.795 
0.3 0.910 0.799 0.764 0.747 
0.35 0.878 0.753 0.716 0.699 
0.4 0.840 0.705 0.667 0.649 
0.45 0.798 0.6565 0.616 0.599 
0.5 0.750 0.603 0.565 0.547 
0.55 0.698 0.549 0.512 0.495 
0.6 0.640 0.494 0.458 0.442 
0.65 0.578 0.437 0.404 0.389 
0.7 0.510 0.378 0.348 0.335 
0.75 0.438 0.319 0.292 0.280 
0.8 0.360 0.257 0.235 0.225 
0.85 0.278 0.195 0.177 0.170 
0.9 0.190 0.131 0.119 0.113 
0.95 0.097 0.066 0.060 0.057 
1 0.000 0.000 0.000 0.000 
r/(D/2) vs u/V, 
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8.13 For laminar flow in a round pipe of di- 
ameter D. at what distance from the centerline 
is the actual velocity equal to the average ve- 
locity? 


For laminar flow 
a= Ve [I- Ki ) | 
Thus, if a= * -«[i-G |, 
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8.19 Water at 20 *C flows through a horizon- 

tal I-mm-diameter tube to which are attached two 

pressure taps a distance 1 m apart. (a) What is 

the maximum pressure drop allowed if the flow pad d 

is to be laminar? (b) Assume the manufacturing (I) e 
tolerance on the tube diameter is D = 1.0 + 0.1 eg 4 
mm. Given this uncertainty in the tube diameter. le f= / m e 


what is the maximum pressure drop allowed if it 
must be assured that the flow is laminar? 


2 
From Table 8.2 v=/.00x0 


-J 
JA 1.0016 Ns 
nm? 


a) Maximom ap corresponds te maximum V, or 
Re - X? - 2100 m 
. 2/00y . 2/00(lX0 3) . m 
Thus, V9 42 eM z24J02 


D 107m 
For laminar flow ais 
y- Æ _ 324 SV _ 32 (Ikl0° mt) (Im) (2.10%) 
Thus ey 
J 


Ap = 6.72 xro“ E, 


b) Since y= ener and ape SAEY. it follows that 


ap = SZEGI) Thus, the larger the diameter, the 


smaller the ap allowed to maintain laminar Flow. 
Thus, consider D=1.I mm = 1/x10"m, or 


_ 321x103 5 53) (Im) (2100) (1xj6 52) 


4 
= = §. 08%x/0 
(1.1x10°3m)? 


JD. 
m 


8.20 Glycerin at 20 °C flows upward in a ver- 
tical 75-mm-diameter pipe with a centerline ve- 
locity of 1.0 m/s. Determine the head loss and 
pressure drop in a 10-m length of the pipe. 





p= 260-4, 
Bz1.50 Xs 
For laminar flow in a pipe, 
V= average yelocity = £ Yr = (12) = 0.5 2 DET" 
Thus, k 
(1260-53) (0.5 2) (0.075 m) 
Re b. (2B NOS O07 M516 a 
Um 
The flow is laminar so that 
-— Aft - xs Sng h e e 0 
Thus, av ( A m. 
. 0 ma (GS 
Ap = EAE £X = S2 COR) + (28152)(1260 $4) (10m) 
= 4.66 x[0? JL. , n App = /66 kPa 
Also, 


* V ; 
f iz, id, - te +z, +z th, , or with Maw, 22-2, =h and 
f) f£. t^p this gives 


Ap 166X105 0A 


t- ig 


2.21 


8.21 Determine the magnitude of the velocity gradient at points 
10, 20, and 30 mm from the pipe wall for the flow in Problem 
8.20.* 


For laminar flow in a round pipe 
iri v-r] 


E di ay (ar(z)=- Ser 
hes, 


du t -g(IS)r d. 
O (0.075m) ` 
Also, y = distance from wall = 2-r 


y,m Ub 4 





--/9222^ $, where rem 


= 0,0375-f£ 





0.0! - 39,1 
0.02 a 249 
0,03 = 10.7 








* 8.20 Glycerin at 20 °C flows upward in a vertical 75-mm-diameter 


pipe with a centerline velocity of 1.0 m/s. Determine the head loss 
and pressure drop in a 10-m length of the pipe. 
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8.22 A large artery in a person's body can be approximated by a 
tube of diameter 9 mm and length 0.35 m. Also assume that blood 
has a viscosity of approximately 4 X 107? N : s/m?,.a specific grav- 
ity of 1.0, and that the pressure at the beginning of the artery is equiv- 
alent to 120 mm Hg. If the flow were steady (it is not) with V = 
0.2 m/s, determine the pressure at the end of the artery if it is ori- 
ented (a) vertically up (flow up) or (b) horizontal. 





V=0.2§ 






(1) 0 = 999 ks, 
y= gx? MS 
2 2 a 
d "is inii j where V=V2=V (1) 


and 
fi= Ugh = 133 65 (0.120m) = 15.96 $4 


| ØVD (999 54) (0.2 2)(0,009m) B 
Also, Re= oT = TIE = 4¥50<2/00 Thus the 
Flow is laminar so that 


— 64 E 6Y = 0,142 


T E RD wa ăë EE — 


Hence, from Eq.(1), pa= Pi- Y(z-2)-14 tav“ 
ay For flow verlically up, 22- 2,94 so that 
f= fp, ~ 0h ~ f£ ZEV" = 15.96 KM _ (9 e/x10°95)(0.35m) 


m 


ES O. 3.5 m Jt k m 4. 
Dh eee GO (999 58 (0.2.8) 


Or 
4, - 15.96 4M - 3.4398 - 0,0 kk = 12.42 kPa 


b) For horizontal flw 2,22 so that 
2, AN _ Qm yı k 3 
fo - f =S ra 0,/¥2 0.009m (x )(999-4 (0.22) 
= 15.96 4% - 0.0 M, = 15.85 kA 


Note the gravitational effects are considerably more important than 
viscous effects (3:43 kPa compar sd fo Ollok), 


50 
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8.23 Attime ¢ = 0 the level of water in tank A shown in Fig. P8.23 
is 2 ft above that in tank B. Plot the elevation of the water in tank A 
as a function of time until the free surfaces i in both tanks are at the 
same elevation. Asstme quasisteady ¢ ons—that is, thie steady 





pipe flow equations are assumed valid atany time, even though the 
flowrate does change (slowly) in time. Neglect minor losses. Note: 
Verify and use the fact that the flow is laminar. 





2 ftatz=0 


0.1-in. diameter, galvanized iron 


BFIGURE P8.23 


£M a e HP EE à where fA" f? and Vs xo (1) 


FR 
Al al 22 =0 and Z=h,=2 ft | T (2) hea T 
Because the tanks are the same diame fer 
A,=42 and with 2,=Az , Z=lo~A2 s 
we obtain Z i = he -23 Thus, £o. ( - becomes 
=Z2 HE% 28 or 22, - h; -f4 5 (2) 
ph A, (- dn) = P Q= = FD V, where A= Zp with à. z 3f) = fank diameter 
Thus, V= (2Y F dz, (3) 


The maximum Re = 2" oyp occurs when the head , Z-Z, IS greatest. 

From Eq.(2) (with Z, hs), h= fh Vra Vag 

Assume laminar flow so that fe Xe or f= see (4) 
Thus, trom ai (#) 


£p, t Via e 32:4 Max 20th _ (62.44 (et (28) 
h= Ymax ap TED tor Mma 3241 32 (2.34K0°R)(25f) 


ft 
or, _ (194 SA (0.4628) (FALA) - 0,4623 
Re, x m 3/9 <2/00 The fow remains laminar. 


Thus, Egs. (2) and (#) give 
2z,-h,* $5 D iz - 2 nay or by USING Ee, (3) 
2z,-h, = (A 3244. du (& 


Let Fe z,- fe So ‘gh 4r. = Ge and Eq. (5) becomes 


EDI 
2r - (Sty a T D7 
(con’i) 


g-Al 


9.33 


(coni) | 
or ad oreo where x= LEME (Dr? 
i ws dt o ad InF z-£ +C, where C =constant 
ia 


F=Ce a) Thal is, Z, -h Ce” with the inital condition 
z= ho ‘when t £0, or C= he 


thus, £Iz- = fe oe (th) 


2) = EL Mole: As t>o, z,— De 
For the conditions given, h= 2 fi and 


j£ (2.392105 3) (s) [31 
g= (62. vi) (9. lyf (af) 2.80x/0*.s 


Hence, 


t 
zx | t e Garros) 


» where Z~ ft and t~s 


This resull is plolled below. (Note : jin Z=] ft) 
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0 
0.E+00 2.E*05 4.E*05 6.E*05 8.E+05 1.E+06 
t, seconds 
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8.24 A fluid flows through a horizontal 0.1-in.-diameter 
pipe. When the Reynolds number is 1500, the head loss over a 
20-ft length of the pipe is 6.4 ft. Determine the fluid velocity. 


v 
h,=f $ 24 , where since Re=1500<2100 the flow 
is laminar. 


Thus, f =6¥/Re = 6¥//500 = 0,0427 so that 


2 
PE PP T S T: VU o 
64H = 0.04 (0.1/12110)) 2(32.2 ft/s?) 


Or 
V= 2.0 


8.25 A viscous fluid flows in a 0.10-m-diameter pipe such that 
its velocity measured 0.012 m away from the pipe wall is 
0.8 m/s. If the flow is laminar, determine the centerline veloc- 
ity and the flowrate. 


For laminar flow in a pipe 


utr)- VI -(2i- 2B where D=9.!m and U=0.8% af 
r= Qum — 0. 012m = 0. 038m 


Thus, Pr 

m 
0.8-2 «V 1- ( 00m easi or Vc = 1,894 
so that 


S . Bb 
Q = Zp°V = ED (osQ)- cio.) (os)(1.842)2 2492x107 


6-97 


8.26 


(6) 
(7) 
(8) 


8.26 Oil flows through the horizontal pipe 
shown in Fig. P8.20 under laminar conditions. All 
sections are the same diameter except one. Which 
section of the pipe (A. B, C. D. or E) is slightly 
smaller diameter than the others? Explain. 





20 foot 
sections 


FIGURE P8.2G 


"m 
For laminar flow in a horizonlal pipe Q- 3n M , where 


Yq = Vp -Qc7Qp - Qe . Thus er ~ = The smallest 


diameter pipe has the larges! ^f, where ap- öh | À | 


Lel a= Phen j b= Ff) ne , ete. X eoo 


Hence, from the data in the figure for the section between Ci) and (2): 


60 - 56 Jb 
5a*5b- 5 88 where a andb~ #3 and Sm 1, cn 


Similarly, from (2) pow) 





ISb+Joc= y EGEE, (2) 
from (3) tol¥) (46-39) 

loc*6d-Y — 1, (9) 
and from (4) tols) 

IMd*ise = y $20 (4) 


Eqs. (1) through (V) can be written as 


a+ b = 0.06678 
Lsb+c = 0.08330 From the problem stat emen, # pipes are 
c 106d- 0. 05835 the same diameter, one £s smaller diameter. 


d+1.071e = O. 077% Thus, 4 of the 5 variables la, b,c, d,e) should 
be equal, one Jarger than the others. 


Assume a>b=c=d-e From Eg.(&) 1Sb+b= 0.08330 or b=0.03330 
but from Eq. (7), b +0.6b =0.05830 of = 0.03649 
which ts not the same as that from Eq.c4). 


Assuming b> a=€=d=e , or c>a=b=d-e, or e>a=b=c=d lead to 

Similar ‘mconséstencies. However, if we assume get aig we obtain 

fromEg (5): a= 0.03338; from £9.(6): the same value ot a; trom Eq, (7): 
7 (O° d= 0.041783 the sane valle of d trom Eq. (87. 


(cont) 
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(con't) 


Thus, a=b=c =e and d>a. Thatis, the small pipe is pipe D. 
Note: This resul can alco be obtained as follows. From the 
given data the pressure gradient (average) between piezometer 
tube locations js as shown below. 

- 0.400 Hr 


E (60-56)in. 





Given that all section have the same diameter excep? for one, 
i follows (based on the different di Valves) that the diameter of 
section D is less than that of the others. 
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8.2] Asphalt at 120 °F, considered to be a 
Newtonian fluid with a viscosity 80,000 times that 
of water and a specific gravity of 1.09, flows through 
a pipe of diameter 2.0 in. If the pressure gradient 
is 1.6 psi/ft determine the flowrate assuming the 
pipe is (a) horizontal; (b) vertical! with fow up. 


| d o) 
If the flow is laminar, then Q - PF pages e, (1) 
where. 3 = 960, o 1.09 (62.44%) = 68.045, 
and | lb-s 


-s lb's 
JL 7 80,000], 5 8x/o* (1I£*x]9 5 3) 20931 57 


a) For. horizontal flow, 9-0 
Thus, from Eq.C) 
Q C Cheb x ee bo (fen = A42 x0 96 
128 (0.931 $7) (IF. Lo T. 
b) For vertical flow up, 0-90 
Thus, from E e. U) 


(46.1144 Hi ed BH) _ -a p 
Q= 128 (0.931 ae) (1f]) B Li Lidl: x) 


Note: We must check jo see if our assumption of laminar flow is correct. 
Since V= T HLR SE = 0,218 if il Follows that 


T(E) 
fv 2 
Do = ev _ 1.09(1,94 Nois) (f ) _ 5. 08/K< 2100 
0.931 —a 


"m 
The flow is laminar. 
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85.438 Oil of SG = 0.87 and akinematic viscosity v = 2.2 X 
1074 m?/s flows through the vertical pipe shown in Fig. P8.28 
at a rate of 4 X 107 * m?/s. Detennine the manometer reading, 






fam 


FIGURE P8.23 


- m? 
V $-25 =/272 so that We 


., (t 2712)(0.02 m) 


The flow is aa) with 


£ 
q- zapto or Ap- f, fa 7 T zw - du 


Hence, with = SG o = 0, 87 (4. g| X e) 8.53 — ae and 


= VP = V SE Q} o = (22x10 © )(o, g7X1000 4 B) —0./4l Pl 


Eq, (1) gives ja 
x/0 
Ap = aeit Bhie P) -(8.53 E) (&m (1 d) 
Tap = 437 xjo* b, = 43.7 5M (2) 


From manometer considerations Pe 
p, * Y h, dh *Y hom f, where m= Sno = 13281 m)=12.74 ER 
7) and h,=h- hi, or hath = hth 
US, 
fan Ap mh b) dh - (5, - f)h - f£ (3) 


Combine I (2)and (3) to give 
43,7 ET E - (12.74 -8. 53) I^ Ah - (6.53 S) (4 m) 


or 
h-/8.5m 
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8.49 Determine the manometer reading, h, for Problem 8.2.8 
if the flow is up rather than down the pipe. Note: The manometer 
reading will be reversed. 





f cám 
FIGURE P8.29 


-4 m? 
x JO 
V- 4" Zinn 275 so hi 


- VD VD — (4278 )(0.02m) 
Re ZA Y ~29xI0 mr. 


The flow (s laminar with 
E 4 
Q = reper - Ap =p -p= BEAS Q "M (1) 


Hence, with f= 86 Gyo = 0.87(28 1 ja i. pnt E and 


— 1152/00 


JL 7 Vp Z6 Quo (2. 25,5 * 2^ (o; 87) 100058 j)- 0/21 XS 
Eq. (1) gives 
3 
_ 128 (0.191 3) (4m exe 2 N 
^ = 129 (0401 ak Mem HEE) *(8. S378 1 0) ( 10) 
Ap = LIE xjoS, = 1,9 HS (2) 


From manometer considerations 
f, Th t h~ She =f, where Vy = Sq Sqyo =13(0.81 4) =/2..74 MI 


and h, =Lth-h, or hath, - I 
/ hus, 
fi-f2= 4 = Sbhath )- Uh = (io - )h (3) 
Combine Eos. (2) and (3) to give 


111.9 ity - -(12. 74 — 8.53) A +8. sa E x (Hm) 
or 


hz E 18.5 m (2). 





Note: Since h<o the manometer is displaced 
in the direction opposite that shown in the p). 
original figure. 





§-28 


8.30 Aliquid with 5G — 0.96, j, — 92 x 10 *N - s/m?, and va- | 
por pressure p, * 1.2 X 10* N/m'(abs) i is drawn into the syringe 

as 1s indicated in Fig. P8.30. What is the maximum flowrate if cav- 
itation is not to occur in the syringe? 






10-mm-diameter 


0.12 m 
0.25-mm-diameter 
0.10-m-long eedle 


M m = ow mj- -— — — —— 
decem ctm 


Patm = 101 kPa (abs) 


a FIGURE P8.30 


Ae nas be + Ve 9 * 72 +4 EKG , where f I0! ks 


V = O , £2 = 0.12m. The maximum flowrate will OCCU when f AS 
the minimum allowed : f = fy = 12x10" N, 


Thos, Va 
d = e+ + ae t£ (1$ entrance Fu) 29 j (1) 


where. y - VA - -v(2 b y. y( 2357 - o.oo0s2s V Thus, Yxo 
and £q.) Become 


0.96 (4. Lae ) 
or 


122 =(267f+1)V? 
Assume ( v of the small diameter ) that the flow is laminar. 
Th Us, pu 2 = V5 


(22x10 * 4) 2 


= Salaa) V(0.25x10°m) 


M. from Ep. (2) 
(22 = (267 95 )y^ or 122V2(65.74V)V" 


Thos, E 
V *657V-/22-0, wich has solvtions 
-65.2t465.71 
Vz LESTIE T UID = 18l F, or -6752 (neglect the V<0 
roo 


4, =0, 


J 


el T 
bilo H ae ais) * 5 * D) 20 sim 


(2) 


Hence, 
Q=AY= £(0.25x10'm) (1.8/2) = 8.88xI0 A 
Check il laminar flow: — 


ka m -3 
Re - p% = 0.98 (9995 )(1814 )(0.2.5 x10 m) - 472 «2100 uM ARE 
e 
9.2 x107" IES 
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8.32 For oil (SG = 0.86, 2 = 0.025 Ns/m?) flow of 0.3 m/s 
through a round pipe with diameter of 500 mm, determine the 
Reynolds number. Is the flow laminar or turbulent? 


SG = Sfo = O. 86 


fas = 0.86 puso) = 0.86 (999) = 859 'x,3 


V= G/A » OFYL (g.g)> = 1.53 ls 
Re - 25 - (652)(/.53)00-5) |. 65 Y 


0.025 
Based On Fie Chiferion that Fre < 2/00 
represents laminar Flow, this Flow 
iS turbulent. 
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8.33 For air at a pressure of 200 kPa (abs) and temperature of 
15 °C,determine the maximum laminar volume flowrate for flow 
through a 2.0-cm-diameter tube. 


For laminar flow, the maximum fre. value (s R/O 


he = ia = 2100 

V- g/oo. 

To nma air density, make use of ideal gad law 
P=p KT of p FAT 


2oox/0? — à 
f^ (2$e3Y2734.] — ^^ 14 Apa 


Viscosity has little variabon with ressune , So IE rs 
Peas orke to assume the Use of the standard value. 
for ai, JH c T0 


21o (179x05) "a, 
V= (aya) (0.02) ^ uoa ve 


Ma Xi MUM laminen v ol ame. flowrate 


Q = VA =(0.78) (2° omai) 
Q= 24x0- "7s 
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8.34 Show that the power law approximation 
forthe velocity profile in turbulent pipe flow (Eq. 
8.31) cannot be accurate at the centerline or at 
the pipe wall because the velocitv gradients at 


these locations are not correct. Explain. 


or l-n 
di ^ y, Cn) dij L. V : 
T X [i-£ Thus, | =e, but by symmetry it mest 
r= be zero. 


a In = 
Also cd =— Vor -i' z L -oo sipce (47^) «0 for n»l 
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5.355 As shown in Video V89 and Fig. P8.35 the velocity 
profile for laminar flow in a pipe is quite different from that for 1.0 
turbulent flow. With laminar flow the velocity profile is para- 
bolic; with turbulent flow at Re = 10,000 the velocity profile 
can be approximated by the power-law profile shown in the fig- r 
ure. (a) For laminar flow, determine at what radial loaction you ^ 
would place a Pitot tube if it is to measure the average veloc- 

ity in the pipe. (b) Repeat part (a) for turbulent flow with 
Re = 10,000. 


Turbulent with Re = 10,000 


s |t- xl 








Laminar with Re « 2100 
0.5 


m FIGURE P8.35 
For laminar or turbulent flow, 
Q=AV = TR "Ve fuda - (utarrdr) - anf urd 
a) Laminar flow: a ; 
mR^V - 2m fr[- 08 Mr -2ru[8- $] - 73 
Thvs, V-z V. * For u=Ve Me the eqvation for 7 QIVes 
B -d-l-(RY, or (K)-z Thus r2yg R = 0.707R 


b) Turbulent flow R : | Vy, 
z8*y » zm, (r[i- &] de » om". (GO[i- G0]. 4(8) 
Ü 


l 
3 
b 
9S5 
3 
a 
ES S 
2 
nN] 

u 

I 
X 


Lel ysl-(&) so lhal (&) 


Thus, v=? is 
TREY = 2m R V. | (-y)y £ (dy) = 20 RY, (or) dy 


= aR V CIE- F] = 27R Ve ( 53) 
or V= 22 y. For U=V = s2 the equation for Z gives 


Vs 
4 i2 -[D-x] ap E = 0,750 so that r = 0,750 R 
C E 


$723 
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8.36 The kinetic energy coefficient, æ, is de- 
fined in Eq. 5.86. Show that its value for a power- 
law turbulent velocity profile (Eq. 8.31) is given 
bya = (n * 1y(2n « 1)/[An'(n 9 3)(2n 4 3)]. 


dA 


=a 
fr om £9, 5.86, X= ne where V= average velocity, A =R? 


we yl- E. From Example 8.4, Y= pe (0) 
Thus, with dA=27r dp ——Ü 


ME a ET j where JU df= arfi- -$ ] ar @ -27R y e (Df ydy 
P. yes Pg yee eu 
Llet X= "T so that y= ^i and dy sd 


X = 








Hence, 
Sp fr y dy --(x*t- -x)dx die 
Xel B 
+3 2n+3 x 
= D n | 
= hra * ^ 2ni3 X 
Thus, | - iad 
d [i-y] TR Jnieus (2) 
Fron Eos. (0), (1), and M 
az 27 R* v7 IGNES b (n*1) (2011? 
didi 71] — 4n (n 3)0023) 
(n*1) (inii) bu 
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8.33 Determine the thickness of the viscous sublayer in a 
smooth 8-in.-diameter pipe if the Reynolds number is 25,000. 


bs = ay where u (7 3g and ‘lw = oF Since Af = -f4 zpV* 
we oblaín q =E 2 u* -JEV 
zs 

57D 


"ET 
‘Try T VE vo’ ó; = Re fE (1) 


From Fig. 8.20, far a smooth pipe with Re = 2.5 x10" i 25.024 


Thus, trom Ea. 4) 
g = <I (EH) 
S 


= 0.00243 1 
2,5xI0* Yo. 024 —— 
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8.39 Water at 60 °F flows through a 6-in.-di- 
ameter pipe with an average velocity of 15 ft/s. 
Approximately what is the height of the largest 
roughness element allowed if this pipe is to be 
classified as smooth? 


Let h=rovghness height. Thus, h=6,, where in LE 


with u - (Ry and 7 = oo Since ap = ff ZEV? we obtain 


2 
‘y= ey or uf =£ V dese 
For a smooth pipe with Re= 7? d ee =6./9X/0° we obtain 
from Fig. 8.20 f=0,0125 | s 
4 
"4 ty 5 (121x10 fE) 


-4 
i> A 0.593 B = /,d2x/0 ° ft 
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8.41 A person with no experience in fluid mechanics wants to esti- 
Mate the friction factor for 1-in.-diameter galvanized iron pipe at a 
Reynolds number of 8,000. They stumble across the simple equation 
of f = 64/Re and use this to calculate the friction factor. Explain the 
problem with this approach and estimate their error. 


For fe = 8000 wder standard Cond it oAS , ehe. 
Pipe Flow will be turbulent. 


£- laminar 
FE ea. - 64/9500 = Sx /0-7 


f - turhu eat 


for galvinized iron Pipe, E20. DOOS ft 
So W= O. D 5 2 6x /073 


Making use. of the Moody Chart 
F= 0.04 


The error (S iA USA tfe famino, egua fion 
to calculate the Srichon factor whey the 
Flow js turbulent. 


NON = turbulent = 9.0% z 


——— 


0,008 
T laminar laminar 


That is the Friction factor is 5 time greater 
fhan if the Flow were laminar. 
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8.42 Water flows through a horizontal plastic pipe with a diameter 
of 02 m at a velocity of 10 cm/s. Determine the pressure drop per 
meter of pipe using the Moody chart 


The pressure drop in the pipe Can be found 
From 

AP =f § AL 
The friction factor /S gelermnm ed from the 
Moody Chart. 

fle > PD - (49)(0.1) (0.8) - 1L Bx If 


/-ia x107 
For plastic Pipe» £°0.0mm 
GP = Of ~ 20.0 
From the Mocd y Chart 
f= 0.026 
Se AP oen metr (L=1m) 


x ! 179 (0.1) ~ 
AP (0.026)( ta )| TON | 
APE O.649 Po per /à e dcr 
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8.43 For Problem 8.42, calculate the power lost to the friction per 
meter of pipe. 


AP. - O.6'*9'P«. per meter of pipe, V « 0,Im/s, D» 0.2m 


Based on eguabons in Ch.S, power 
Can be Fouad From 


F=(APIA 
AVA =.) CE (0.217) = 3, ida0? 


P= (0.649) (3. I x07?) - 2.049xJ/0? Nm/s - 2.0/x]0 ^W 
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8.44 Oil (SG = 0,9), with a kinematic viscosity of 0.007 ft/s, flows 
in a 3-in.-diameter pipe at 0.01 ft)/s. Deteamine the head loss per unit 
length of this flow. 


h -Fé Č Where L= 1 Pt 

For per unit length of pipe, 
Determine Jrichbn facto c basecl on Be d o 
Q=0.0| *4= VA 


Tt 3 
4f (E 
= VD = O. AO M = 
fe = -= 2-20 z). ^n 


Since he IS below Z100, the Flow rs lamina 
The fric f2on factor Ca^ be determines from 
F= Woe = e, uc £l 


h, = ( £36) p; (o2 = pozz | 
peer ft of pipe 
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8.45 Water flows through a 6-in.-diameter horizontal pipe at a rate 
of 2.0 cfs and a pressure drop of 4.2 psi per 100 ft of pipe. Deter- 
mine the fric&on factor. 


For o. Horizontal pipe NP fh Sev, 


where V= Bez BOE us joa Ink 
5 





Thus, 


f= pet alaiak a o300 


(1942 ) (10 fe) (10, 224) 
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8.46 Water flows downward through a verti- D =0.01m 
cal 10-mm-diameter galvanized iron pipe with an 
average velocity of 5.0 m/s and exits as a free jet. 
There is a small hole in the pipe 4 m above the 
outlet. Will water leak out of the pipe through 
this hole, or will air enter into the pipe through 
the hole? Repeat the problem if the average ve- 
locity is 0.5 m/s. 


4. Y sz, = Bitz Enti, where fh -0, 2270, 


By = PGs 1-4 -V. Thus, 


B= FÉL “2, ,07 P= tS f +eV*-y With E {rom Table 64), 1 
IS. E 
D e x =z 0.05. so that with Reng VD - (E TER pu) - 444xI0 


/./2x/ 
we oblain 1- 0.045 (see F9. 8.20). " 
Thus, from Ee. (1) 
A= 0.045 (+m Em.) \4(999 Ky (smy- -98004 (4m) = LB6x10° 43 








Since ,>9, water will leak out of the pipe when V=52 


If V=0.5-2 then Re= Y“HERIO and f =0.052 
Thus, from = (1) 


p, = 0.052 =e ) (42972 L (0.54) - 4800 9, (4m) - 3.46 xo 





Since 4-0, air will enter the pipe when V=0.5 } 
Note: The above conclusion is valid regard less of the leng th, f. 
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8.47 Air at standard conditions flows through an 8-in.- 
diameter, 14.6 ft-long, straight duct with the velocity versus 
pressure drop data indicated in the following table. Determine 
the average friction factor over this range of data. 





V (ft/min) Ap (in. water) 


39 50 0.35 
3730 0.32 
3610 0.30 
3430 0.27 
3280 0.24 
3000 0.20 
2700 0.16 





2 y? 
Ja Maz o Haee S FE S, ure Wee, apu ofa tnt 
Th - fiiv of f- 2262 T 
VS, Ap = IZ pV O f= ^d where Ap Wo N 


r 
(0,00238 $98) (14.6) ( it y~ it 


Calculated values are given below: 


V, fUmin  h, in. water f 
3950 0.35 0.0161 
3730 0.32 0.0165 
3610 0.30 0.0165 
a A o The average valve of f is 
3000 0.20 0.0160 
2700 0.16 0.0158 f = 0.0162 
Averagef= 0.0162 ave = 
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8..4Q Water flows through a horizontal 60-mm- 


ne . D=0.06m 
diameter galvanized iron pipe at a rate of 0.02 
m?/s. If the pressure drop is 135 kPa per 10 m of 
pipe, do you think this pipe is (a) a new pipe, (b) a) L -/0m V (2) 
an old pipe with a somewhat increased roughness 5 

due to aging, or (c) a very old pipe that is partially f) "fs =/35 kPa 

clogged by deposits? Justify your answer. 


For the horizontal pipe (Z, - Z2) with uz the energy equation 
£i, az -E. E zx red / = -f£4 y^ 
22 / 29 D 24 ces to P; f = 2? 


m 3 /om 2 
135x10 93 = f o.06m £ (999 £4) (2072) , or f= 0.0324 
m 
0.02. -s- 
where we have vsed V= f = 2 = 7.072 
4y. (0.06m) 


; _ VD _ (7.07 (0.06 m) oss 5 € 0.45 mm -3 
hos -p e E me = 379x10 and G = Lap =E 
for a new galvanized iron pipe (see Table 8.1) the friction factor 
should be (see Fig. 8.0) f=0.0255. Since this is less than the 


actual value {= 0.032% the pipe is nol a new pipe. 
With Re = 3.79K10° and f= 0.032% we obtain from Fig. 8.20. a 
relative rovglness of & = 0,006. This is approxima ely fwice 


the rovghness of a new pipe — certainly quite possible. A very 
old partially clogged pipe wold have considerably greater head 


loss. Thus, the pipe is an old pipe with somewhat increased roughness. 
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8.414 Water flows at a rate of 10 gallons per minute tn a 
new horizontal O.75-in.-diameter galvanized iron pipe. Deter- 
mine the pressure gradient, Ap/€, along the pipe. 


| min 23/ in: ) / gal p 
Q o 29 60s zz) Tar J Gar. J - 0.0223 = p 
uu 


0,0223 Æ 
V= fe Z(E * 7.27 


Now, for a horizontal pipe 
Ap = ff zeY. where since 


t (0,75 
-yD. 7278 (224) g 
Re r m "xui im = 3,76 x10 


and 
£ =- 00005f} . 5 0g 


D — (075g) 
it follows from Fig. 8.20 fhat f= 0.037 
Thos, 
AP. 0,037 (19pslgs lH) (2271/59 e Ib (I 
( 222 FY) (2) 747 in? 


n 


8.50 


8.50 Two equal length, horizontal pipes, one with a diameter of 
l in., the other with a diameter of 2 in., are made of the same ma- 

terial and carry the same fluid at the same flow rate. Which pipe 
produces the larger head loss? Justify your answer. 


For either pipe h,= tf Y where V*Q/A - Q/(€ b^) 
m 

- Hear moi] 45 - a b as 
or 


Telg] t 
h, an; D5 (1) 
Let ( ), and ( )) denole lhe lin. and2i. diameter pipes, respectively. 
Thus with Q, =Q, and ate, : Eq. (1) gives 
hi (fi D,* ) f P f 2.0. V. 
hi ^ (&/D,5 =(£)(2 R) = + ) (FE) 


‘h 
ni h 
wo 
Althoug h f, 44 (becavse Re, # Res and &/D, # &/D2) the 
ratio 3 wovld nei be significantly different than i, 
especially compared to the factor of 32 in Eq. (2), For example, 
assume Re, = 19,000 and &/D, - 0.00; sothat £=0.083 (see Fig. 8.20), 
Thus, nae 
Re- VD/v -(G/Zb^)D/z - ze 72/0 it follows that if Re,- =/0 000 
then Re, = 5,000 and €/d, = 0.0005 if EX), =0.00]. Hence, 
f, = 0.03750 that h, /hy, = 32 (0.033/0.037) = 28,5 =>, 
Similar resvlts would be trve for oiher Re, €/d valves. 


Thus, hi, Ah, = 224) /42) 71, The smaller pipe has the 
larger head loss. 


(2) 
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8.52 Blood (assume y — 4.5 x 10^? Ib:s/ft^, 
SG = 1.0) flows through an artery in the neck of 
a giraffe from its heart to its head at a rate of 
2.5 x 10-* ft?/s. Assume the length is 10 ft and 
the diameter is 0.20 in. If the pressure at the 
beginning of the artery (outlet of the heart) is lott 
equivalent to 0.70 ft Hg, determine the pressure 
at the end of the artery when the head is (a) 8 ft O, 20 i. 
above the heart, or (b) 6 ft below the heart. As- 
sume steady flow. How much of this pressure 
difference is due to elevation effects, and how 
much is due to frictional effects? 


pu Gi u$ J where EA h=V C1) 


(2) 





and 
v £r 
y-9.- = 25 ue =/,/46 Ë Thus, Ke e or 


ES n 


Rp = (94 pira watty( 92 





y sxo? B3 =823 Hence, the flow is laminar wih 
64 
f-4 oe = 35g = 0.0778 


Also, py =4yh =(847 1) (0.701) = sos 1. 


Hence, trom £g.C) 
f. 0, -0(2,-2,)- E 


a) With 22 E = 8f], 
fp, = 593 tn a 5 (62.7 18, ) (BF) - 0.0778 (6255 l ) (4) (1.98 iE (ue Ey 
= 593 fe, - 499 Ib -s9s ib = SHS 
Note 4699 10. is due to elevation, - 59.5 is dve to friction. 
b) With m = -6ff, 
Pa =593 l, (62.4 fh)(-6H) -0.0778 En 12 GO (Ite e 3/95) (| pug Hy 


= 5938 4 974 fi - 5251 - 908 l5 


F 








Note: 274 S. is due to elevation "E 5251 jis due fo friction. 
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8.53 A 40-m-long, 12-mm-diameter pipe with a friction factor of 
0.020 is used to siphon 30 °C water from a tank as shown in Fig. 
P8.53. Determine the mawimum value of h allowed if there is to be 
no cavitation within the hose. Neglect minor losses. "p 






The minimum pressure is the Vapor pressure Py =z 423 kPa (abs) Table 8.2), 
Assume the minimum pressure is at the fop of the hose: fa “fy. We wijl 
Check this assvmplion afẹer we obtain h. 

Thus, 

2 t = fs +B wre dE x J where 1} =/01 k Fa (abs), m =3 mM, 
2,9 7m, V, 20, -V, and f - «293 kPa (abs). bs with f=0.02 
(101 — 4 243) 4l, 2 [0m 
MIT a Um Sme TA «(1 +0, (oona) zas X 
or 

V=2.56% 

Obtain h from i 

Att bese, = be + 5 +z, +X b, where 4.29, 5 iV 22.54 

z,7 -h, and £7 Vom, Thal is, with p= fa-0 


ED 40m (2.56 BY a 
h +1 +0.02 222) aaay 4 0r h* 9.5m 





Check if siti pressure occurs at (3). Consider point (4). 


From P + Ve 2 az, - be Ve $ BE with 9,70, = Vy=V 
we Pd x5 
Pa =% (Z - f£ +oV*° Tf we vse Z,=0, then 20m 
from the figure * $ £e re , or £9 41282, i 
Thos, h+7 = 26.6m L 
fy = 7.8054 -Zy) (0.02) ora d LIERE V4)(999 y(n sgn) i (2) 


or 
fA (-9.80x10" + 6. 15x10?) Zy = -3650 Zy 

Thvs, fy decreases as Zy increases. That is, {he mininwm pressure 
occurs al section (2 as assumed. 
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8.5 4 Gasoline flows in a smooth pipe of 40- 
mm diameter at a rate of 0.001 m?/s. If it were 
possible to prevent turbulence from occurring, 
what would be the ratio of the head loss for the 
actual turbulent flow compared to that if it were 
laminar flow? 


Let ( ) denote the turbulent flow f ( 4 lhe laminar. flaw. 


M hy = n and hy = 45% (I) 
P Ve a PE, = 0,796 


From " Lb p= t and p= 3.1x/0 * 3. so that 
kg m 
Re = 2 ae ) (0. 044m) =6.98X/0" 


Hence, from Fig. 8. 20, fer a ammo) pipe jE = 0,0192 

while for laminar "m f = = pet. - 9 /gnjo” 
Re 4 

Thus, trom Eg.) T TS 


Dy _ h _ 00/92 


ha ip 9/8 XI07 aa 
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8.55 <A 3-ft-diameter duct is used to carry 
ventilating air into a vehicular tunnel at a rate of 
9000 ft?/min. Tests show that the pressure drop 
is 1.5 in. of water per 1500 ft of duct. What is the 
approximate size of the equivalent roughness of 
the surface of the duct? 


iu RA Bate, where Z722, | * V. and (1) 


dd d, oh "(£2 09) (4 > ft) = 7.80 bs 


Also, y- 4. E ‘min " tt 
Thos, from £e, (I) Pi Pa = -[4 zpV* or 


EE Y 2G (z8og) 
p PLV? (238x10 Tæ ysooftya,2 E. 7 d——— 


,2 8) (3 
From Fig, 8.20 with f=0.0292 and Re= YD a 1 


we obtain £ = 0,0044 Thus, €= 0.0044 (3H) = 0. 0/32 fi 


8.57 An optional method of stating minor losses from pipe com- 
ponents is to express the loss in terms of equivalent length; the 
head loss from the component is quoted as the length of straight pipe 
with the same diameter that would generate an equivalent loss. De- 
velop an equation for the equivalent length, €. 


Dna = Ky Vg 
eJ Ve 
AL major a PD /aq 
The nu feageh from the major oss 


Can be ased to pepresent the egu valeant 
length, Leg. 


F Va =k, "Zag 
f Le = Kv 


beg = [<D 





£4 


j. 5b 


For Copper prpe (drawn tubing), 


8.58 Given 90° threaded elbows used in conjunction with copper 
pipe (drawn tubing) of 0.75-in. diameter, convert the loss for a sin- 
gle elbow to equivalent length of copper pipe for wholly turbulent 





flow. 


NT. 
F 


For W° threaded elbow, KL= 5 
E=0,000005 ft 


So 


£ . 0.000008 _ gxip-F 


(97945) | 
From Moody chart (wholly turbuleat flow) 


f$ (0115 


= L(a) 4.15 ft 


olls 





8.59 Based on Problem 8.57, develop a graph to predict equiva- 
lent length, l.a as a function of pipe diameter for a 45° threaded 
elbow connecting copper piping (drawn tubing) for wholly turbu- 


lent flow. 
= KLÒ 
hea = P3 


For */5^ threaded elbow, A, - Q, 4l 
For copper tubing (Sraun tubing), E= 0.0015 mu 
To calculate re } US altemate form 


x €/p MV. c. 
2 |. 8 Log] (2 + e 


For Wh of | turbulst Flow, ASSUME fe s 8x107 
This is large enovgh Re to make f essentially independent 
of Re (see Moody chart, Fro, 6,29). 

D(mm) e/D f | eq (mm) 


30 0.00005 0.010602 1131.8 
15 0.0001 0.012025 499.0 


315 0.0004 0.015932 94.2 
Ta 0.001 0.019678 30.5 
0.375 0.004 0.028474 29 
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8.GOA regular 90? threaded elbow is used to connect two 
straight portions of 4-in.-diameter galvanized iron pipe. (a) If 
the flow is assumed to be wholly turbulent, determine the equiv- 
alent length of straight pipe for this elbow. (b) Does a pipe fit- 
ting such as this elbow have a significant or negligible effect 
on the flow? Explain. 


(a) h, = m where from Table 82 K,=1.5 for a 90° 
m threaded elbow. 
0, 


beg = A where from Table 6.] E= 0.0005 if fora 
galvanized iron pipe.. Thus, with 

ED=0.0005 f/(¥¢/12) ff = 0.0015 and a very 

large Reynolds number (c.e. wholly turbulent flow) 

it follows from Fig. 9.20 that f2 0,021. 





Thus 
* Jj 12)11 
ka” ET " - 25.811 


(b) In general h,= Kx + PI -(K * 92; 
or 2 
h= t ds | d since K,= rJ 
Thus, whether or not a pipe filling such as this elbow has a 
Significant effect on the flow depends on the relative size ot 


beg (223.911 for this case)and the pipe length, L Jf Leg e} 
then the fitting is negligible. 


ET 


8.GCl To conserve water and energy. a *'flow 
reducer’ is installed in the shower head as shown 
in Fig. P8. 61 If the pressure at point (1) remains 
constant and all losses except for that in the “‘flow 
reducer" are neglected, determine the value of 
the loss coefficient (based on the velocity in the 
pipe) of the “flow reducer” if its presence is to 
reduce the flowrate by a factor of 2. Neglect grav- 
ity. 


and 


4G 4Q 


Flow reducer washer 






50 holes of 
diameter 0.05 in. 


\ 
A \ 


FIGURE P8. 6| 


2 2 
Without the reducer dg E tz 7f az, , where fa70, 2,722 


249 


/7-A T mR wl asap = 7239 


Q 4G 3 
Ma” “A,” 50m (05 fly -/467Q (V and ^ € and q^ ) 
"" fi = Ze(V-V)-ze( 1467°Q* - 733Q* )=8.07x10 PQ” 5 = 


J 3 
where o~ $L Q^ & 


With the flow reducer the flowrate is reduced by a factor of two. 


Thus, V, 2 £ (7330) and 7 d (4679) with (2) 


Hence, by combing Eqs. (12, (2), and (3) we obtain 
8.07x)00Q = + e| (4a) + (k,-1)( 732 9) ] 


Or 
K, = 9.00 
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$.62 Water flows at a rate of 0.040 m?/s in a 0.12-m- 
diameter pipe that contains a sudden contraction to a 0.06-m- 
diameter pipe. Determine the pressure drop across the contrac- 
tion section. How much of this pressure difference is due to 
losses and how much is due to kinetic energy changes? 





£ uaa - 5 iu Lez, «Io 


m 

Q. 0.04 E m Ig 0.042 n 
P <e-  Z(o. 12m Z (0.12m P J 5 Aa Z (o. 06m. =/4,/45 

Thus, with Z =F m) nf Boba 0.2.5 we oblain trom Fig. 8.30 
K,= 0.40 

Hence, from Eq, (I) 


m f2~ 2 ze K + MY | - +(999 5 fo. 40 (m. £y: t (Ht, jy -(3. 245) 


S i where 2,7 Za a) 


p-p = 39.7410" E 4 93. oxi dS x P3 kPa 


This represents a 39.7 kPa drop from losses and a 93.0 kPa drop 
dye lo an increase in kinetic energy 
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8.24 (See “New hi-tech fountains,” Section 8.5.) The foun- 
tain shown in Fig. P8.6H is designed to provide a stream of 
water that rises h — 10 rt to ^ — 20 ft above the nozzle exit in 
a periodic fashion. To do this the water from the pool enters a 
pump, passes through a pressure regulator that maintains a con- 
stant pressure ahead of the flow control valve. The valve is elec- 
tronically adjusted to provide the desired water height. With 
h = }0 ft the loss coefficient for the valve is K,; = 50. Deter- 
mine the valve loss coefficient needed for h = 20 ft. All losses 
except for the flow control valve are negligible. The area of the 
pipe is 5 times the area of the exit nozzle. 





Pressure regulator 
BFIGURE Ps, 61% 


For any Pak; 


£z, * Mh _ where Z,-0 z,- h**fl, 4-0, V0. 
Thus, and h,- KM 


fu Pu (1) 


For h-n: Tiss 
f= Z 7H = (Jott +44) +(So0- IN. ái (2) 


Also from (3) to (2): 

PA dz, a = frizi : : where fo, "£70, Z,- 2,7 h, and V,=0 

-— 

23 m or Ye = V29h (3) 


so i hett, V, VAARNAN =25,4 t 

Also, VA, = eA, so that Vf = = By, = - (26s) - = Sop 
Hence, Eq, (2) gives 

f- Jatt +49 (5.08 BY/ OGBE 3)) - 33,6 fl 

For h=2oft, from Eo, (3): V4 = y(20(32.2 Et (20H) = 35.9 ft 
Hence, V, 7 42¥s =(s) yass Hy» 748 B 


Since fis LIR (independenl of h), the valve i = 33.6 1 oblained above for 
h=/ott is also valid forh=20ft. Thus with Z.=h+#tt = 2o0ttt 4H = 24 Eg Ois: 


33.64 +(219 2) 2132.2) -— K, (ze YA 2(32.2 tls?) = 2% tt 
or 
K= 13.0 
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*8.65 Water flows from a large open tank through a sharp-edged 
entrance and into a galvaniaed iron pipe of length 100 m and di- (1) 


ameter 10 mm. The water exits the pipe as a free jet at a distance . D=0.010m 
h below the free surface of the tank. Plot a log-log graph of the : V 
flowrate, Q, as a function of h for 0.1 s ^ s 10m. | 00m. (2) 


S ans fs +L iz, th + KS where ff ^, 4=0, zh 
$220, Ve 7 V, and 4 O Thus, 

h- (I +f 223 where from Frig. 9:25 K,=0.5 

Hence, 

h=-( {l2 )+05) aE or 17.6h= (1.5+1000f) V" with (1) 


hem, V~ 2 
= 0.015 (see Table 8.2) 


"aint 
* Rex v. ETTTLC A Re = 8930V (2) 
v S 


If the flow is laminar, then f= oe (ie. Re <2100) 
If the flow is turbulent, then from £¢, 8.356 


= =—/, $4os h) bf | 
Thal fS 


Tr = -/,£ Doo! 4,050107¢ ed. | (4) 


The sanis h for laminar thw mi when Re=2100, or fron Eq.(2) 


" s E. = "2 mm 





(3) 


V= dM 20.2350 ad f-45750 Z100 = 0. 030%, Thus, from E. (I) 


(1.5 +/0 000(0,030 235 
hs Er E MIHAIN ETE. 0.B&m 


Thos, for h < 0.86) m the flow is laminar. For h >0.86/ assume flow 
is turbulent. 


For 0.1m Shs lop solve Egs. (1) (7) and (3) or (4) depending if A< 0.861 m 
or h>0.86/m to obtain V. Then 


Q=FOV= F(0.01m) V = 7.8Sx/0°Y 2 here Vm (5) 


For laminar flow (i.e, A «o. 861m ) Eqs. (1) (2), and (3) give 


n 6h = [15+ jot t V. 





VA + ¥28V- 13.14=0 which can be solved using the quadratic 
equation to give 


V=-23.94/57/ 413.) hJ“ Since V>0 we can disregard the ^ ‘rod. 


(Cont) 
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(con't 


Thus, Usia E9. (s) 

pes AA -93,9 (571 (44h )'* | fot 04440. 8blu 6) 
This equation was used ina MS Exce/ spreadsheet &o 
Find Q a5 a functor of h fay lamer flow- 


NOTE: The coefficients of Eo. (GC) must bE very precisely 
given because for small values of by (ST+I91h) v BA 


Sota the spradsheet 
Qs ZAg2x/o-* [223.9892] * ( $70, 906? +13, 0600674) ] 


For hr 0.8blm, Egas. 01),2), and (4) were Used 7a the 
Spreadsheet tO manually "trate oA £ Eon (5) was used 
to fad Alh). 


Insert a guess value (e.g. f = 0.02) in the f(guess) cell. A new f value will be calculated 
in the f(new) cell. Use this new value as the updated f(guess). Continue until f(guess) = f(new). 


h,m f(guess) V, m/s Re f(new) Q, m^3/s 
0.100 2.15E-06 
0.150 3.22E-06 
0.225 4.82E-06 
0.338 7.23E-06 
0.506 1.08E-05 
0.759 1.62E-05 
1.139 0.0639 1.87E-01 1667 0.0639 1.47E-05 
1.709 0.0604 2.35E-01 2100 0.0604 1.85E-05 
2.903 0.0575 2.95E-01 2636 0.0575 2.32E-05 
3.844 0.0551 3.69E-01 3298 0.0551 2.90E-05 
54767 0.0531  4.61E-01 4114 0.0531 3.62E-05 
8.650 0.0515 5,73E-01 5116 0.0515 4.50E-05 

12.975 0.0501  7.11E-01 6353 0.0501 5.58E-05 











Q, m^3/s 











1.E-06 
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8.66 Air flows through the mitered bend shown in Fig. P8.66 
at a rate of 5.0 cfs. To help straighten the flow after the bend, 
a set of 0.25-in.-diameter drinking straws is placed in the pipe 
as shown. Estimate the extra pressure drop between points (1) 
and (2) caused by these straws. 


Tightly packed 0.25-in.-diameter, 
12-in. long straws 


FIGURE P8. 6C 


The ex tra pressure d rop,A P j Is equal to the pressure drop through the 
length of the straws mins the pressure drop in that 12 in. length of the 
pipe witht the straws. That is 


Ap 7 Af T" where Afhs = r£ tov" with V= g- "Yd n» =6.37£ 
ft 
Also, hie VD - enin. 9.06x/0*. If we assume the pipe is 
smooth, it Follows trom Fig. 8.20 that f= 0.0215, Thus, 


Afp,, = 0. o215 (7258 E (2). 38x10? 553 ) (s. 37) =1,04 x02 sh, (1) 





With the straws in place, af, = FÉ toV? where ihe valves of f, D andV 
and different than those used above. In general 
the flow geometry is quite complex — tlw throvgh the 
straws and flow in the gaps helween the straws. For 
simplrerly, assume the ga p ac1 as a circular. flow 
area of diameter b= > D = 3 (0.25 in) =0.09738m. 
Thus, in each OS in ty 6 Sin. cross section there 
are 4 straws ¿ra total of N=% da l1 a iin] 
ce. A 18/0 straws, 


If Mie fw is hmnar, Ven. Qo D'solh! Gite. -( 20938in) -0.0198 

straw Dam 
lhat is, Lu about M ot Me flow is in ing gap region — neglect this amm. 
Thus, Y= NA — = 8. Jog 9 
Heise IBI CC FI) ) 


9.25 
Re - .VD. _ (9.10 $)(2g5 1) -/070 « 2100, the flow is laminar with 


s |.57 x 10 * £P 
/2.in. -3 ^ 
f- ae = -970 7 O. 0.538, or Ap = 0,0598(- c )E)(@-30x10 <8 (810 ft) 


ur 0, 224 E. Hence, when combined with n (D 
Ap = Afe -Apps = (0.22% - 0.00109) I, - 0.223 Fs 
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8.67 Repeat Problem 8.G6 if the straws are replaced by a piece 
of porous foam rubber that has a loss coefficient equa) to 5.4 





FIGURE P8. G? 


The extra pressure drop, ap, is equal tothe pressure drop throvgh the 


length of foam rubber minus the pressure drop in thal 12 in. | ength of the 
pipe withot the foam. That is 


£1? 

ap -aA-afa bre afa Tl at de gr ee 
Alco, Re= V2 = 66 ÉD loupe rf x 

So, 1e UV I. 57 xo *8* We qssvime i/ie pipe is 

smooth, jt follows from Fio. 8.20 that f= 0.0215, Thus, 


Afp = 0.0215 12 -\(-4)(2.38x10* 8) (6,37 tY — [04 xo ? 





(1) 


The pressure drop due to the foam i's 
Af, = £ K, ze V? 


= 6.4(+)(o, 00238 $235.) (532 21^ = 0,261 ha 
Thus, 


Af) = Ap; -A Prt 0. 2614h — 0.0 010% ty: A = 0240 f 
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8.67 As shown in Fig. P3.68, water flows from one tank 
to another through a short pipe whose length is n times the 
pipe diameter. Head losses occur in the pipe and at the en- 
trance and exit. (See Video Y8.I0) Determine the maximum 
value of n if the major loss is to be no more than 1096 of 
the minor loss and the friction factor is 0.02. 





BFIGURE P8.G8 


If h, ul Oh, 2 then 


minor ? 
y. v^ |. £N 
10 ri S 5M ? or £ or (I) 


where z K, = K entionce Ky exit = 0.841 
Thos, with £=0.02 and l=ndD Ea, (1) becomes 


D 10 (0.02.) 
'- wn 


=q 
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8.63 





Gauze over 


Lo end of pipe 


8.69 Air flows through the fine mesh gauze 
shown in Fig. P8.67 with an average velocity of 
1.30 m/s in the pipe. Determine the loss coeff- 
cient for the gauze. 


2 2 2 | 
ftp in fe iz MAIS, ubere Z,-2, |" -V- 152 


Thos, kK, = 2(Pi- fa) 


oV where F72 and PØ = 8mm water 


or 4) "(8x0 ^ m) ( 80x05 15) « 75,4 D, 


Hence, 
7 . 


- (23 5 say = 
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8.70 Water flows steadily through the 0.75-in. diameter 
galvanized iron pipe system shown in Video V84*4and Fig. 
P8.70 at a rate of 0.020 cfs. Your boss suggests that friction 
losses in the straight pipe sections are negligible compared 
to losses in the threaded elbows and fittings of the system. 
Do you agree or disagree with your boss? Support your an- 
swer with appropriate calculations. 90° threaded LE 

elbows N S" 









A 
0.60 in. dia. 


l in. length 


4 in. length 


Closed ball 
valve 


Major loss = ri 54 where 


f= (6 +t6+4+/)in, = /7in, , D= 0.75 in. m FIGURE P8.70 


+a Ys 0.02 E ff 


= + — 6,52 =< 
T (0.75/12) f 2 


Re = YD n= Oss ALIE = m - 3.371/0* and 


y I. 21 X10 
0.0005 ff 


$ s ( 0.75 4) s juni (see Table 8.1) we oblaín (.see Fig. 8.20) 
r2. J 
f = 0.038 so that cP = 0,039 -2 ILE. Ye 0.86) 


D 23 O. 751A. * 24 
Also, y 
Minor loss = E A ; -[2 (1:5) " 1 0.15 ] 25 E. S Salf gA 22 
20" elbow fee reducer with fe «( gii, Y -O.6 
(see Fig, 8.26) 

Thos, from Egs, (1) and (2): PR 7 
major loss O. 86l X 
‘minor loss <a” G8? e 16.77, 

2g 


Probably disagree with boss because pipe triction is abovt 
177, of other losses. 


$- 64 


Reducer Q = 0.020 cfs 





b. 7A 


8.72 Given two rectangular ducts with equal cross-sectional area, 
but different aspect ratios (width/height) of 2 and 4, which will 
have the greater frictional losses? Explain your answer. 


The duct with the greaterlosses is the one with the largest head/oss 
perlength , h, /L, where f, =f X, If the areas are eqval, then the 
velocities are egval since V «QA. v 


Lel ( & and ( yy denote ducts with aspect ratios of 2 and} respect) 
Thus, : 2 
(h, /D, - de adlh, t V, fero L2. 
EA D, 2g 
Hence, 


(h, Py h Ah = * J fe 2 tt Dry (1) 
hy Ys, 2 Dj, 
Let A, =(2a)a af] 
an 20 
A, = (Fy) Gy [— — — 1s 
Thus, since fl, My, Té; 
M us 2. "T E 
"a uL? 2 Or Ay - yz ü 


ha - 4A /R, = 4 (242)/ [42122] = tq -/33a 


(2) 
a 
Diy = hu/hi = Ham / [gata] - T g z113a 


so that A 
Dha £g 5. 
i “a, = se = 1,179 so that Eq, (1) becomes 
5 


(hD, h,= Ln E 


n (4) 
In general, f - f(Re, &) in such a Way that if = Increases, f inoreases 


and if Re decreases f increases, This is seen from the Moody 
chart as indicated below. 


(con't) 
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6.72 |(con't) 
laminar 
bá. d^. Qr ent 


(+4) 


(2) 


E/Dhy 
E/ Dp. 





Rep 
For a given €, (5), "(5 since D, „$ Dh. (See Egs. (2)and(3)) 
Also since Res VD, / 4 follows that 
Ke hy < Rep, Since Dy, < Dh and AE Yy. 
Thus, “whelher the flow is laminar or turbulent if Follows 
that f,» f. i follows from £9. (4) that 


(h, /b)y / hy b) >l 
Thal is, the dvol with the agbect ratin of V has the greater head lass. 
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8.73  Airat standard temperature and pressure flows at a rate 
of 7.0 cfs through a horizontal, galvanized iron duct that has a 
rectangular cross-sectional shape of 12 in. by 6 in. Estimate the 
pressure drop per 200 ft of duct. 


For a horizontal duct Apz Eh, - f Stev? where V=% a) 


or At 7 ££ E K YD; 
y= (12in)(6in)( LEE) =/4.0 # and Ke,= * 
with 2) 
D, = zA =Z (0.5) _ 9 467 H 


( 2*1)fl 
Thus, 
_ (1400667) o osy" 
A ps7xiote 
E Q,00058 fl 


Also, for galvanized iran €= 0.0005 ft. or D," 0.6674 =O 000750 


From Fig. 8,20 we oblain f = 0,0227 


Thus, from Eq, l/) with 2 =200ff, 


200 fl l 2 `. . 
Ap = (0.0227) 5 + (2.30 x103 54) (/40£t) = 1.59 fe =O0.0/10 psi 
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8.75 


8.74 Air flows through a rectangular galvanized iron duct 
of size 0.30 m by 0.15 m at a rate of 0.068 m?/s. Determine 
the head loss in 12 m of this duct. 


\ 
ft Y: - FA _ 4(93m)(0.15m) 
h, ID, 29 j where D, M- 2[0.3m*0.I5m] z0.2/m 
and m? 
V= 2 OQ. 068-s—- 
and from Table 8.1, 


£ - Qs m. < 7.5x10" Hence, from Fig. 8.20 [20,027 
Dp 


so that 


m «2 
0.02712) USIs)  _ o 
h,=( Xm) 2 (4.8/8) 0./88m 


m 
=/,5/2 Also ke = =" V, a TR cna 700 


8.75  Airatstandard conditions flows through 
a horizontal 1 ft by 1.5 ftrectangular wooden duct 
at arate of 5000 ft?/min. Determine the head loss, 
pressure drop, and power supplied by the fan to 
overcome the flow resistance in 500 ft of the duct. 


(sooo ff ) 


-$. (soem 88) it 
_ A _ #UIFNLS si) | 
and D,- EPIIT. ust] = /.2 Ff 
Also 


12:5 
” Rep = "A - E =%25x/0° and from Table 8.1 


E% 0,0006 fl lo 0-003 fl , Use an ‘average’ E=0.0018 ff so that 
9.0018 fl _ by 
x =A = 9.0018 Thus, trom Fg, 8.20 f= 0,022 or 


500 ft \ (55.687 
h- (0.022)| — zH — T7L34 2(32.28) ^ = 440 ff 








For this horizontal pipe AL t% +z 6 tE LS where 2,-2z 
and V,=Va . 


Thus, f - fa Yhy (7.45107 I, (440f1) = 33.7 B, = 0,234psi 


P=¥0h, = Q(p-~.)= ~ (coool y si ) (33.7 $ ) Si i eso thm fi. a) 
or 


p= 5.// hp 
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8.76 Assume a car's exhaust system can be approximated as 
14 ft of 0.125-ft-diameter cast-iron pipe with the equivalent of 
six 90° flanged elbows and a muffler. (See Video V8./2) The 
muffler acts as a resistor with a loss coefficient of K, = 8.5. 
Determine the pressure at the beginning of the exhaust system 
if the flowrate is 0.10 cfs, the temperature is 250 °F, and the 
exhaust has the same properties as air. (Table 8.2) 





A 
X i, s i +z, «(1 tE'K, ag, where z, =22, 70, 


E Q9 0,1 ££ 
V=V =V = ft 
^ TAM ENS (rz ye Bo) 
Lag tov? ER eia" » 


"AP A. 0.0068 (Table 8. D 


so that with p = ef = (zexi (ais # (0.125) = 3770 we 


“7x0 Bs 


obtain trom Fig, 8. 20, f = 0.047 T 

Hence, 
=(0. 047 (4i) +6(0.3)+ 8.5)(£) (1, 7#K/0~ 3I) (8.15 ËY 
- 0.899 P 
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8.77 The pressure at section (2) shown in Fig. P8.77 is not 
to fall below 60 psi when the flowrate from the tank varies from 
0 to 1.0 cfs and the branch line is shut off. Determine the mini- 
mum height, ^, of the water tank under the assumption that (a) mi- 
nor losses are negligible, (b) minor losses are not negligible. 


FIGURE P8.77 


All pipe is 6-in.-diameter plastic 
(e/D = 0), flanged fittings 


600 ft - | 
with 15 900 ft 


90? elbows 
Ath +z, = oP + É +z 762. HAK) , where 4-0, V =0, 2 = Ath, 
and 272=0 nag with ipe 


[6th = fY + — i +( fs £ +s 3 , Mote: h must be no less than that with 
fap 6 Opsi and Us = / cis. or 


| | B 
Vy, =V= 2 "Z(&m ^ 5,09 £ 
Hence 2 
a ( 6015. urs) h* 646001 200 (5. og Ë 
he aum 62. 05s ? +(1+#( & )* Zh )76228 2 (32.2 B, b 


or 
petita (1 HELFER) +E K, )(0.402) ft, where 5^ fl () 
With £ 5 *O and Ke = vg = Gori - 2.J0x/0? we obtain 


f=0.0155 (see Fig, 8.20) 


a) Neglect minr losses (£ K,-0): 
From Eg.) 
h =122+8+( | + (0.0155)(226*4 )) (0.402) 


OF h= Ma fi 





b) Include minor losses : 
Z h= Keone tE K bow + Ke bee =0,5 +/§(0.3)+0.2=5.2 
(see Table 8.2 , assume flanged 
Thus, from Eo.) mes 
4 =/22 -5+( | 1 (0.0155 X [$0635 ? 5,2 )(0. 472) 
^ siksi 





Mole ‘For this case minor losses are nol very important. 
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5.78 Repeat Problem 8.77 with the assumption that the 
branch line is open so that half of the flow from the tank goes 
into the branch, and half continues in the main line. 


tee | 
uu lof 
> et FIGURE P8.77 
h 


All pipe is 6-in.-diameter plastic 
(e/D = OQ). flanged fittings 





Qo Branch fa. (B) 
eee fa 3 cus 


| 600 ft _ 
with 15 








For - tow from (I) to (2) : 90° elbows Sen 
Air rz = ib ia +(f, 4 A tZ) Ya +(44 +E Ky) (I) 


where ( ), and ( )y denole pipes a’ and 2 as indicated in the figure. 
Thos, with #20, Y=0, 2, = 16H th, A =0, - fa. 6o psi, Also, 

sg 
Tx; -2.55B, Le(l) becomes 


Va = f= T: =5,00$ J = A, “FE 





# (aA) 
_ (60 73 44-4 2.) Hue (5. o? y 
[6th = 62.42, «(I "a 3k) 82 2f) 


» t ( e). a JE) 


p sizes (1H ($2610) + 7K, owen) *(/8o0f, * Z; Kj, ) (0.101). here h^fi (2) 


With $-o, Rp GR = EDAD = aox, and 


E a 
Reg 626 = 4 Rey = Los xi0® we obtain h=0.0155 and f =0.0175 (Fig, 8.20) 


a) Neglect minor Josses ( Z Ka” 2 Ky, 20): 


From Eq, (2) 
h =122:5 +(1 +(0. ajss) ($0670 eee sth))/ 0.402) + (1800(0.0175)(0-/0/) 


or 


h= 135 ft 


b) Include minor losses : 


~~ Ke entrance + > Meloy - 0,5 */5(0.3) 2 5.0 (see Table B. 2. assume 
flanged fittings ) 

2 h = Kas pa 

From Eq, (2) 

h =122.5+(/ +(0. 0155)( 2254 2» 5.0)(0.*02) * (1800(0.0125) 40.2.) (0.101) 

or 

h= 137#t 


Note: For this case minor losses are not very important. 
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8.79 The exhaust from your car’s engine flows through a com- 
plex pipe system as shown in Fig. P8.79 and Video V8.5. As- 
sume that the pressure drop through this system is Ap, when 
the engine is idling at 1000 rpm at a stop sign. Estimate the 
pressure drop (in terms of Ap) with the engine at 3000 rpm 
when you are driving on the highway. List all the assumptions Exhaust header 

that you made to arrive at your answer. @ FIGURE P8.74 





For steady flow, 


EL +z, LR fe + 2,4 2 


Assume xi- -Z, and 4 < <A so that with A, - [f£ f K] 
and Ap= 4,-4 we obtain 


ape th, = sibek ye = Lev (tS +k) 


Hence, 


2 
Affen a por b oi res Bek) 
CINE I POEs 
Affom —— Z Qm Vom (foo d * K) 


Assume Oooo = Crooo M4 too = tz000 («.e. f independent of Re) 


Thus, 
Af - "al | v 
Afj000 1000 Re 


Bvt V- a where Q is assumed proportional to engine rpm, 
That i's Vooo =3 Vow so that 


A sooo - (3)- " 


4) fiove E 
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8.80 According to fire regulations in a town, the pressure drop in 
a commercial steel horizontal pipe must not exceed 1.0 psi per 
150 ft of pipe for flowrates up to 500 gal/min. If the water tem- 
perature is above 50° F, can a 6-in-diameter pipe be used? 


Determine the pressure drop in a bin. diameter pipe. 
A bim ft 3 tza +f 
Thus ay 

fife =f£V whee £-f(Re £) 
if Dig J f 257. 


-4 
From Table 8,], £ =0.000sf} so thal $- AT = 3x0” 


The largest f f: will occur with the largest f, / 
which occurs with The «alles! Re, or largest v. Nie 
Since the viscosity of water increates a the temperature 


decreases, we consider the coldast cate — 77 57 F » 
From Table BJ, al Sv'£, d'-4z. HL I and f ouo 


———À 


, where V =e and z,7z.. 


(1) 


S 
| y TH 
-Q _ (500 Fy (42 (23125; Fas) » HE 
V= > = a = 5,674 
2 tt) 
Thus, H 
672+ ) (6/2 #1) 5 
R = VD = (5:673 (oh ft — 2,0l XI0O 
«Y | o7x| 0^ [E jns 


z S S : 
Hence with Re=2.01xio” and 3 =3x10” we oblan from Fig, 8.20 
I - 0,018 


Therefore, from £g,1) 


f: f- . (sot) (5.671) 

= 0,0/8 pee NS S4 

n (6-4) 24) © 2.7044 
S2 

so that 


2 
f "f£. = (2.708 (62.4.15. 4 168 a Caio) = /.17 pst >/, ops) 


A bin. diameter pipe requiresslightly more than the allowed /: Opes per/sofy, 


Thus, no a. in» pype cannol be usec, The minimum diameter can be 
shown to be D=0, 513 Ft « 6,37.n. 
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8. 9| As shown in Video V8-Il and Fig. P8.91 water "bubbles 
up" 3 in. above the exit of the vertical pipe attached to three 
horizontal pipe segments, The total length of the 0.75-in.- 
diameter galvanized iron pipe between point (1) and the exit is 
21 in. Determine the pressure needed at point (1) to produce 
this flow. 





m FIGURE Po. a 


fy t +Z -h = REGE 
De Z,-0,4,70,V,-0 Ths, 

(1) Pi = 2a th- W where V =V⁄=V 
Ati no head loss from (3) t0(2) and ff - e? we obtain 


A ta X. , Or V; =/2¢(Z2 -23) = 2(32.24,)( 24) - 40/1 


Thus, g (025 
e AD . 7*0 s 12 att) _ "T 
Re = gu X ETT e 


an 

E Scam = 0.008 ba Table 8.1) , so that (see Fig. 920) 
f= 0,039 

Also, h, = Hd p where $. K, ze3(15) 245 


Hence, Fa. (i) becomes 
y à 
f£, = Z2 + [EE D +S KIS 29 "24 where y y 


or 
2/ in. 2 (4 4.01 -5 gy 
6 = off ‘| 0,034 lle Hu i| 321) =(0.583 t4/47)fl 





= /,73 ff 
Thys, 
f) = (62.445) (1.73 #4) =/08 h, = 0.750 p st 
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3.32 






Length ¢ 2) 
8.82 Water at 10 ?C is pumped from a lake as shown in p ta ( -— 
Fig. P8.82 If the flowrate is 0.011 m?/s, what is the maximum pe 2s 
length inlet pipe, €, that can be used without cavitation " Q = J 
Elevation | 0.011 m/s 


Occurring? 
653 m 


! an FIGURE P38. 82 
a 2 F 
Papia Eaz lOG, where pik, 2tsom 


( 
V 70, V tr Z= 653m , and from Table B.2 fo = Pv = 1,228 kPa ) 
Also, V= 4 - T - 2.84". so thal 
Re= WP = Do cm) =1.5.2x/0°, With this Re and from Table &.! with 


V /,302x 10 me 


E _ 0.08mm _ . us 
AL O.00//4 we obfajn 120.0215 (see Fig. 8.20) 


Hence, with Zk, =0.8 for the entrance , £g (I) becomes 
(10] 228) xi0* P (2.86 my 


g 
EEE TTS F. om = .02/ fp 
2,80 x] N, *650m- 653m «(1 t (0 6) TA +0.8) a m 


or 
L= 50.0m 
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8.83 Water flows through the pipe system shown in Fig. P8.83 
at a rate of 0.30 ft'/s. The pipe diameter is 2 in., and its roughness 
is 0.002 in. The loss coefficient for each of the five filters is 6.0, 
and all other minor losses are negligible. Determine the power 


added to the water by the pump if the pressure immediately before 
the pump is to be the same as that immediately after the last filter. 
The length of the pipe between these two locations is 80 ft. 





SFIGURE P8.83 


From the entm" — " 
hp = Ay = (SF +k.) MZ 


P VÆ 0 ue Cas, ) y] $79 a^. 
Re = PMB. (1.94) (12 79) (91) r 
2.34 jo -£ 7 (7X10 


A aeon. |x /0-2 


From the Mondy chort, f2 0, ORIY 


So p GO 1.75. 
h p =| 0.0215 $P + eye) EZ 


(32.2) 
=[ 70.32 +30] (2.%) 
( Note: the Fitkrs produce ^3x te pipe Joss) 
hp = 118.74 Ft 
Calculate the power 


W = ¥Qhp = (62.4) (0.3) (8.54) 
4b X1 ^p. 
= 2219. 2 ir Fel 1: 0357 
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8.3u 


the heat exchanger as shown in Fig. P8.84 at a 


iT, 
i d t Q 


return bend 


8.54 — Water at 40 ?F flows through the coils of E N Threaded 180° 


device 


rate of 0.9 gal/min. Determine the pressure drop Ix 
between the inlet and outlet of the horizontal 
| (2) | 


^£. 0.5-in. copper pipe (drawn tubing) 
FIGURE P8,24 


£d, ub RE tZ; (£5 'Z, 3, whe E Z,*f,, 


Ya eo Ux -4 - (0.9 3 (era S tea) (da ó 0s = par it 
» ELENY m 
US, 
pfo UE *ER)ZeV, with L= OCB H) = 124 a) 


and = k,=7(15) - (see Table 8.2) 
Also, from Table 8. br - A 000005 fl/ (0.5712 f1))s 12x10 * 


fi 
d «VD _ WH7E) TH) _ 9690 (see Table 8.1 


"C" 186 x10 ^ fe for 1) 
Hence, from Fig. 8.20 
f =0,04/ 
and trom £9. (1) - ! [ 
/ 
Af. (omu Eg =, ) +08) (x) (194 54 (47 2) 


or 
ff = 46-8 By = 0.32575) 
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8.85 For the flow in Problem &.84, ethylene glycol is added to the 
water for freeze protection if the temperature drops below the freez- 
ing point. The density ts unchanged, and all flow conditions are 
the same except that the viscosity of the mixture has changed to 
0.01 Ns/m? at the given temperature. Recalculate the pressure drop 
between inlet and outlet. Discuss how this loss will change if the 
fluid temperature does drop below freezing. 


First, Convert the Viscosity to DG warts 
Using Table /. B 
-y Ms 


JA = = 0.0) “8 3 (7. 099 x07?) = A. O7 x /O f£ 
From Table a) Phd Hoobs 


"e ye A, 8.098104 BS 


r HILL 
Calculate ay va ts heynolds number wilh V= 147 t ( seo 


Ne = — (197%) (OF Ft} MT Pob. 8.95) 


JOTKA 
There bre, ^ new How is [am rnar 


f= ge = 00A 


From Mroblem BLY 
0-2 =(f¢F48k)3 
= (d.11a(Bor,) + 10.9) (3 )U8 Ba) L472)" 


R-P = FI. C Y> = 0. b Re pse 


=/.077xlo* 2% 


This add Aon ap proximae ly doubles the pressure drop. 


ir the Fluid temperature does drop below freezing, 
there will be a further intease ra viscosity amd the 
pressure drop. 


8-76 


4.86 Water flows through a 2-in.-diameter pipe with a ve- 
locity of 15 ft/s as shown in Fig. P8.86. The relative roughness 
of the pipe is 0.004, and the loss coefficient for the exit is 1.0. 


Determine the height, h, to which the water rises in the piezome- 
ter tube. 





@ FIGURE P8.86 


ft +z +d -h = fz 42, +2 

where 

£L -h,2,-0, 9-0, Z,« eff Em 

h - OE ME with V=% and K, 

7hws, | 2 
à hee UP “kh, 

/ 
But Re = a USPEH) = 2,07K/0 


2. 34XJ05 /b: > 


Hence trom 5 19, 8.20 with &/ zo, dod we obtain Í-0.022 
so that Eg, l/) becomes 


ft (/5 zy 
h +f] s "628 = bff 


h=/6.5 fl 
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UK TFE 


(2) 


8. 97 Water is pumped through a 60-m-long, 0.3-m-diameter 
pipe from a lower reservoir to a higher reservoir whose surface (1) 
is 10 m above the lower one. The sum of the minor loss coef- 
ficients for the system is K,; = 14.5. When the pump adds 


40 kW to the water the flowrate is 0.20 m?/s. Determine the 
pipe roughness. 


2 | : 
fe "A tZ kh, -h = p d +Z , where pp, V, = V220 20 





and zz? lüm 
ne hp “hi, = Z2, _ where 
0x10? N-m/s 
hy? A = igen int 2p) "2077 
Hence, 
20.7 [E zk]3 = /0m (0 
with 


V= & =(0.2m%)/(E (0.3m)) = 2.82 m/s 
Thus, from Ea, (1) 
20.4m - Be £o P. L/S (2.82 m/s)” 


2 (4,01 m/s?) 
or 
LH VD | ?99ko/m? (2.£2m/s) (0.3) 
,29/5) (0.20 
Also, Re = f= ee =7, 5x10" 


Thus, from the Moody chart (Fig. $.35), with Re =7.55x10° and f = 0.0560 
it follows that s/D = 0. 028 or 


£ = 0,028 (0.3m) = 0.0084m 





f= 0,0560 


d à 
p =0.028 


Re =7.55x10° 
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9.04 


8.89 Asshownin Fig. P8.89, a standard household water meter is 
incorporated into a lawn irrigation system to measure the volume 
of water applied to the lawn. Note that these meters measure vol- 
ume, not volume flowrate. (See Video V8.15.) With an upsteam 
pressure of p, = 50 psi the meter registered that 120 ft of water 
was delivered to the lawn during an “on” cycle. Estimate the up- 
stream.pressure, p;, needed if itis desired to have 1501€ delivered 
during an “on” cycle. List any assumptions needed to arrive at 
your answer. 





The energy equation for this tlow is 

5 «din -[n KG ku q) 
where 2,722 , £,*0, LV and Vo * A, V, 

Thus, from Eg. Ci) s 

A 7 teV* (ed 12k +) ~1] e) 
But Q-AV - X , where Vis the volume of waler supplied 

during an “on” cycle and t is the length of the cycle. 


For a given system BK, is independent of Q. Similar, for large 
Re pipe flou, £ is independent ot Re ( or Q). Thus 


lid nk, (x ES [] is constant, independent of Q. 
Hence, trom £q,(2), if the length of the cycle is constant, 


P) . ipV 4. -| Hla l-k (152 y 


eb ds y, 
f Jis ds f p Vao Viso i 
or 
fj) =1-563f)) = 1.50 Sopsi)= 78.1 psi 
/|50 12.0 MET 


Mae 
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8:90 A fan is to produce a constant air speed of 40 m/s 
throughout the pipe loop shown in Fig. P8.90, The 3-m-diam- 
eter pipes are smooth, and each of the four 90-degree elbows 
has a loss coefficient of 0.30. Determine the power that the fan 
adds to the air. 





w FIGURE P8.90 


f HE -h, 1h = fe +z, z 
Tf we locate (/) and (2) af the same place it follows that 
fh *f»5. V, * V. and Z = Ē2. 
Thus, E 
h; - ^ - (FL £k) where Zs Ky = ¥(0,30) =/2 
Also, Re= ef = ^23 52, (Yo2)(3m) a 8.25 x/of 
1.79x 10> 28 


and 5 «9 so that trom Fig.?.20 f=0.0083 


n (2042.04 /04/0)m (402y 
hs = (0.0083 3m Nj 2 (9.81%) 
so that 


W, = YH, = epGh, (23g (9.92) Beam)" (40)] um 
= 3.79x/0° LP = 379 kW 
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8.91 v 2: Gi 






ait a 
8.4! The turbine shown in Fig. P&.2/ de- M m "d ida 
velops 400 kW. Determine the flowrate if (a) head iu Diffuser 
losses are negligible or (b) head loss due to fric- Be o: EE 
tion in the pipe is considered. Assume f = 0.02. E 7 z(T) y Y 
Note: There may be more than one solution or T t 
there may be no solution to this problem. = ao 
iron 
FIGURE P8.4/ 
Ve 
T +Z, = f+ Bam tthe e. where f? = f2 = -O, Z,-20m, 
2,70 Thus, Z= 4 UE dg th (1) 
eae head losses (f=0): e s Nm 
WENN At — ag a = 5T 
T vA (80x1 Ka) Z (Im)? Vz e 
i Ve. 52.0 3 
2h 3 tS -372V +/020 =0 (2) 
28m) * Vv, r M a 


Determine the ak of this cubic equation. Lel V, ^- 322 V, +/O20=F 
As indicated by the graph, there 
at two real positive roots fo F20 
V,=2.652 or ye =/8.3 2 Thus, 
Q=A, V2 = - Z (Im) V or 
Q=2.082 or Q = yyy M 














The negative root (Va <0) has no 
physical meaning. 





a Zoe head loss (f 20.02): Be Eg) V= 23 ahs -y (22) = V; 4n.) 








12.0 52.0 =/1,/V; 
20m = (140.02 - Ln "ate (4, oa) tw ^ ! 
Thus, 
] V - 0,398V, * 03420 Left G= V; -0.398 V, +1.034 . determine 
Va that gives G=0, —————— ae 
— 44,8 —— 
As indicated by the graph, there ——— BÓ —_— 
is no positive real root. Hence, ] eR - 
the flow cannot occur_with 
W. = 400kW. * m 
_ —_ i i wm Ws 3 
V2 
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AF. 


*8.92 In some locations with very “hard” water, a scale can build 
up on the walls of pipes to such an extent that not only does the 
roughness increases with time, but the diameter significantly de- 
creases with time. Consider a case for which the roughness and di- 
ameter vary as « = 0.02 + 0.01¢ mm, D = 50 (1 — 0.02t) mm, 
where ¢ is in years. Plot the flowrate as a function of time for t = 0 
to ¢ = 10 years if the pressure drop per 12 m of horizontal pipe re- 
mains constant at Ap = 1.3 kPa. 


dei ub, where Z,-Z, , V, *V*V. and 


Thus, app JA -L3Kf 
/2m V 

MT ri 250 or l3x10 = un saat) Samy (50r 3) 

Fy- 0.0108 ( 1- 0.024) where E~yr, V~% 

Also, p B. yb _ Vio. o5(1-o. 021)] 

and a P = kerot oj or Re = 44#6x10"( J-0,024) 


_ (0.02 +0.0/4) 
$^ 50(1-0.021) 


Finally, from the alternate formula., Fg. é. 35 2, 


F =e Lal (Shy GE] 


(I) 


(2) 


C3) 


(V) 


For O*í/0 yr ; obtain $ from Eo.03) and solve Egs. (1) (2), and) 


for f V,andfis, Then Q=VA = VE (0.05(/-0,02t)) 


or 
»* -3 i 
Q= 1.96 x10" (1-0,024) V “where Qe yn? , fpr 


(sx) 


Eqns (1)-(5) were used in a MS Excel s priadsheet 


to manually jende on the Solution. 
) (4) ? 
ques n, vs, R d oc seu = Jguess 


No 


The 5 pr cadshe xt results are shoun be lw along 
With a plot of the data. 


(cont) 
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Ci 


Insert a guess value (e.g. f = 0.02) in the f(guess) cell. A new f value will be calculated 


in the f(new) cell. Use this new value as the updated f(guess). Continue until f(guess) 7» f(new). 


Q, m^3/s 


t, yr 


OO ON Of WN — © 


— 


1.40E-03 


1.20E-03 


1.00E-03 


8.00E-04 


6.00E-04 


4.00E-04 


2.00E-04 


0.00E+00 


e/D 
4.00E-04 
6.12E-04 
8.33E-04 
1.06E-03 
1.30E-03 
1.56E-03 
1.82E-03 
2.09E-03 
2.38E-03 
2.68E-03 
3.00E-03 


f(guess) 
0.0243 
0.0249 
0.0257 
0.0264 
0.0271 
0.0279 
0.0286 
0.0293 
0.0300 
0.0307 
0.0315 


V, m/s 
6.67 E-01 
6.52bE-01 
6.35E-01 
6.20E-01 
6.06E-01 
5.90E-01 
5.76E-01 
5.63E-01 
5.50E-01 
5.37 E-01 
5.24E-01 


Re 
29758 
28496 
27195 
25998 
24845 
23692 
22625 
21595 
20602 
19643 
18686 


db 
po RE: 


f(new) 
0.0243 
0.0250 
0.0257 
0.0264 
0.0271 
0.0279 
0.0286 
0.0293 
0.0300 
0.0307 
0.0315 


Q, m^3/s 
1.31E-03 
1.23E-03 
1.15E-03 
1.07 E-03 
1.00E-03 
9.37E-04 
8.75E-04 
8.16E-04 
7.61E-04 
7.08E-04 
6.57E-04 
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8.93 


Nozzle diameter 
= 7.5 mm 
8.93 Water flows from the nozzle attached to the spray tank shown 
in Fig. P8.93. Determine the flowrate if the loss coefficient fór the i 
nozzle (based on upstream conditions) is 0.75 and the friction fac- 
tor for the rough hose is 0.11. 






D x 15 mm 
t£ - 1.9m 


FIGURE P8. 25 


Ae +z, = = +h TT Z6. 4) ^ ;, where 4)» 150A, f-0, 0 
Z,= 0.8m, Z,= — -(4.2m) sint? 7 .22 m, V, zO, 


V-3 , aed ,.- , =(4)V= (BYv -(£22)\\- 4 y 


7.5 mm 
Thus, with F= ol and K, = 0.75 £g.l1) gives 
3N 2 
ISOx10 4a 19m y 
$80xj6 4; tnam v guae (n + OM Sem, oasa) tT) za) 
or 
V= 3,092 


3 


This, Q=AV= £ (0.015m) (3.092) = S.46xlo "pr 
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8.94 When the pump shown in Fig. P8.94 adds 0.2 horsepower to 
the flowing water, the pressures indicated by the two gages are 
equal. Determine the flowrate. 


Length of pipe between gages — 60 ft 
Pipe diameter = 0.1 ft 

Pipe friction factor = 0.03 

Filter loss coefficient = 12 





A Arh VE 
AA, pK ae 3 V =V- 
So, fp = My (1) 
The pump adds O.R Ap of power: 
UE: 550 ftp MN 
enge X = 10 EJ 


Convert to head by: 


hp = -10 LH 
yO baik, Q Q 


Sub inte (1) a / (Qs m 
L76- (fÉ ték) 37 (FE +k) 5 


or 2 = /- 76 (X) )A* a 0 ft) = SS: -5pD,2 
Q ARE where A=+(0.1 Ft 495x077 f4 


2 
- 4.76 44 (7 98x 107) 
( 0.03 Qo. t fa) 
A? = 9 9225s lov 


O = 0.06/5 FL 


| 
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8,25 


8.95 Water is pumped between two large open tanks as shown in 
Fig. P8.95, If the pump adds 50 kW of power to the fluid, what is 
the flowrate passing between the tanks? Assume the friction fac- 
tor to be equai to 0.02 and minor losses to be negligible. 





Pipe length z 600 m 
lH FIGURE P8.95 


With me =O), y= Va = O, and Z, 7 Ža 
E 
hs = A = ^5 (1) 


With the Pump adding SOkW of power 
W = SOx /0°W = pe 


hy = S Ox /0 ? S./0 
Q (9.8x 10%) R 
Sub into (I) 
dm g Y. £2 m* 


Q? = sd tga where Az £(asl*=0 /fG 
Thus 


Q? = TIOS) (0.167 
(0.02) (G06) 


= 0.1602 
Q = 0. $43"75 


or 
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6. 37 


8.47 | The pump shown in Fig. P8.97 delivets-a head of 250 ft 
to the water. Determine the power that the pump adds to the wa 
ter. The difference in elevation of the two ponds is 200 ft 


Pipe length = 500 ft 
Pipe diameter = 0.75 ft 
Pipe roughness = O 


m FIGURE P8.97? 


y^ 1 V^ 
Al +z, tag -A +h, o HA 


where f- =f.=0, 4=4%=9 , Z=0, Z,=200ff hf, =2508F 
Thus, 


415 EK th, = Zo thet with EK, 


«(o $ H3) 5031). 
+ 7 
Y ZU oi 
20 — 
J-L) 12.7] gaza; * 25? = 200 
(1) acu 9)V* ee” ; 
VD. . (1.94 HEV (0.254) 
Tos jas E 2.34xj9 ^. [Bos = 
or 
(2) Re = 622x10 V 
and trom Fig. 8.20: 
3) 41 ANG 
£20 
: ff @ 
Tria/ and error solution. Assume is Q. un Vui: 
o f= 0.0/2 # 0.02 


—— Ve = 6, 9x10" 
(1 ( 
Assume f = 0. a A. yz ți 


(3) 
— Re =77x/ —> f= 0.0/2/% 0.0/2 
Thus, V=124 Ë and 


W = YQ, = (62.4 AZ Z (o, ni dn eÉ (2 so) = pss x10“ TA 
= 8 SSI 14 y / < Hk gi - /455/0 


Alternatively, we could replace E, g. (3) (the Maody chart ) by Eq &.35 


con '1) 


0-84 







(con't) 


(44) 


(5) 


(the Colebrook equation) and obtain Vas follows. 
From Eq. (1) 


l , 
V= [ 3220/ (6874 +/2.8)| e. which when combined wih £e. (2) Ges 


Re = 6.22410” [3220 /(66712.8)]£ = 3,53 xio / (647 0412.0) 
Also, the Colebrook equation wrth E/D <0 Is 


E 


m 2.5] 
Vf = 2.0 log ( 5) 
By combining Eqs (*) and (5) we obtain a single equalion involving only ¢: 
2.51(667£ +12,8) =] 


T ee 
wae og] e x10 YF 


Using a compute roct-finding program to solve Eq (6) gives 
f= 0.0123, consistent with the above trval and error method. 
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8.129 Water flows through two sections of the 
vertical pipe shown in Fig. P8.7%. The bellows 
connection cannot support any force in the ver- 
tical direction. The 0.4-ft-diameter pipe weighs 
0.2 lb/ft and the friction factor is assumed to be 
0.02. At what velocity will the force, F, required 
to hold the pipe be zero? 


From the momentum equation applied to the 
control volume indicated 
f) M " Wy, o- Woipe = n (V, -V) =0 since V = V 


Wor, 
Thus, p= Bow Sees BA 6 


I (0,44)? 


Or 
p- y n 0.20: )/ = SL +1592 | where pnfi, ~A |} Wbipe 


Also, 


2 


D 2 
Bt Mrz, = Be Eine EE dg, where p20 


YV=KeV, 2,=9, and 2,22 
Thus, Pi = 02, +f£4 oy? 






Free jet 
(2) £x: 
f 
f=0 020... Pipe weighs 
," 0.20 Ib/ft 
—- |—D =0.40f 


FIGURE P8. 72 


| (2) 
| Wazo 
£ 


(1) 
A 
V f; "i 


or when combined with the above force balance result 


f= hth dev" = ot +1592 


, | 2 (0.4 )(159 
That is, FeV" 159 or V= oo ai - (1.94) ( a 25.733 


Note: This answer is independent of the pipe length, L. 
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Ky elbow ^ 1D 


8.97? Water is circulated from a large tank, through a filter, and 
back to the tank as shown in Fig. P8.97. The power added to 
the water by the pump is 200 ft: lb/s. Determine the flowrate 
through the filter. 





Ky ent = 0.8 


V. | 2 2 

5 tZ 35 th, = fe MESS «(£1 tke: dag 
where 
A *f. , V * V0, and Z,* 7; 
Also, W, = reh, or 

= = — 

: 62.61 (o.mp V 
Thus, Eq. (I) becomes : 
V 

268 = er +(0.8+5(/.5) +1246 #/)) 25211) 


or 
y? : /3.13 
(f 40.013£5) 


Also, hos 
Re 2 - A658 (V ENO.) or Re = 8290y 


324x107 lb: 
2.34 X10 "Ni 
Trial and error solvtion: 
Assume f= 0.04. From Eg. (2), V» 6.24 $$. from Ee. (3) 
Re 2 5.20x/0*.. Thus, from Fig. 8.20 f = 0.039 # 0.0% 


Assume f=0.039 or V= 6.29 4t and Re=5.21x10" and F =0.039 
(Checks) 


Thvs, Q =AV = £0.18) (6.294) = 0.04944 


Al ternatively : 1he Colebrook equation (. EQ 8.35) could be Used 
rather than the Moody chart. Thus, 


(con't) 
2-22. 


"S 200 ft. of O.1-ft-dia. 
pipe with &/D = 0.01 


(1) 


(2) 


(3) 


(con't) 


LS 
q 772-2 log( SS + es iF ), where from Eq (2) (4) 


[5 (/3.13/y3) - 9.01365 (5) 


Thus, by combining E¢s. (8) (4) and(s) we obtain the following equation 
for V: 


| 13.13/V 2) -0-ors6s ] fon, E 0.0 | 2, s] /f'9290V)f(13.13/V3)-0. osé] 


Using a computer roti - -finding program gives the solvtion to Eg. (4) ds (6) 


= 6.2914 | 
Y26.2?3* the same as obtained by the above trial and error method, 


8-93 


8./00 A certain process requires 2.3 cfs of water to be deliv- 


ered 


at a pressure of 30 psi. This water comes from a large- 


diameter supply main in which the pressure remains at 60 psi. 

If the galvanized iron pipe connecting the two locations is 200 ft (n 

long and contains six threaded 90? elbows, determine the pipe —- ( 
diameter. Elevation differences are negligible. D (2) 


2 2 | 2 
£ E 1Z 7 AZ CAE zs (1E *2- K)gs J where $,730psi , f = 60 psi, 
3 


z, -z2 W0, y= Veh 2233 = 293 HO wilh D-H 
Thus, ° 
pipe =(FE+EK tev" 
"(60 -30) Ib (juu inoff (E + 6(1.5)+0.5) (223 ISE) 


where we have used 
2K, = 6 e el * tenlrapce 7 6 (1.5) +0,5 


Thus, 
49,4 — (14 [gor (1) 
Also, ( 2) D 2.93 m 
Re = V = + b= axe Ep 0n Re = 2.4210 $ (2) 
and from Table 8.1 
ge _ 0.0005 ft (3) 


mum 


D D 
Finally, from Fig. 8.2-0: 
! f hee (4) 

Trial and error solution of = 
Egs. (1) (2), (3), and (# for 

f, D, $, and Re. D 
Normally it is easiest to guess a value off calculate D, etc. In this case 
(because of minor losse), Eq.(1) i's not easy touse in this fashion. Thus, assume 
D, calculate f. (£e. ()), Re (£9, (2)), and & (Eg. (3)). Look up fin Fig. 8.20 
(Eq. (¥)) and compare with that from E; g. (^). 


Assume D=0.#ft . Thus, f= 0.00557, Re = 6.05x/0° £20,00/25 
or trom Fig.8.20 f=0,02/ # 0.00557 


Assume D= 0.541, f=0.055/, Re =% 8s uo" £ 0,00) or f = 0,02 03 #0,065/ 
Assume D= 0.45 ft. f=0,02 43, Re = 5, 3BX/0* £ = 0.00N/ or f = 0.0205 #0,0243 
Assume D = O.44Ft . f 20. 0777 Re =.5.50x10% $ = 0,004 ap f = 0.0205 #0,0197 
After enovgh trials obtain D= 0.442 ff 

Note : If Fig, 8.20 (Eg. (¥)) 1s replaced by the Colebrook equation 


(con't) 
§-94 


(con't) 
this problem can be solved as Follows. 
Thus, from Eg. (1), 


f = (49.405-D)/19 so that with the Colebrook egvation (Eg. 8.35), 
when combined with Eqs. (2) and (3) gives 





T E/D , 2.51 
E7729 log (Sa + Fae) 
14 5 "T 0.0005 , 2.51D Vig 
PT =~2.0 109) “3.7 D 2.42 x/05 aoe | (5) 


Using a compvler rool- Finding routine gives the solution to E 9.(5) as 
D= 0,442 ff which is the same as that obtained by the trial and error 


meihod above. 


8-75 


8.f0] Water is pumped between two large open reservoirs : (1) (2) 
through 1.5 km of smooth pipe. The water surfaces in the two 

reservoirs are at the same elevation. When the pump adds 20 kW V 

to the water the flowrate is 1 m?/s. If minor losses are negligi- | u f, j == L^ 
ble, determine the pipe diarneter. 777 27523 T7777 7 


eB hh dp ni sube gehen oot non 


Thus, 


Ws 20x 0^ N.m/ 
(1) h, = hy, where h.* yQ 6 = ea = 2.04m 


and Ly n E 
_ 127 4h De 
h, = fh with V= a Z py a: <a "^ with «m 
Hence | 
h z f 1.5 x10°m aatis. - [23.9 { /p* 
(ay 1 D 2(8gIm/s) | m 


From Eqs (Üand(22, — 2.04 2 [23.9 f/D' or f= 0,0/65 DY 
(3 D=2.27 f% 
Also 


Bs _ 999-48 L ().273/07)m Da 
- HUE IET 


L/2x/73 MS aa 
“m+ 


(4) Re= M E 
Finally, with §/0=0 the Moody chart (Fig, 8.20) 1s the final equation. 


(s) f eee 
Leo 


Re 
Trial and error solvtion of Eqs.(3) (4) and ts) for. f, Re, and D: 
Assume f=0.02 so Eo (3) au D=2.27 (0.02) Z2 Om and Egl#] 
gI Ves Re = 114x107), 04 = | joxpf, Thus, trom Eq 5) f» 0.0//s Which 
is not egval to the assumed f=0.02, Try again vil f20.0US which 
gives D=0.931m , Re = 1.22x10% and f=0.0113 #0-0115 . One final 
iry with f= 0,013. gives D -0, 927m, Re =/.23x/0" and f= 0.0n3 
as asaymed. Thus, D=0.927m. 
An alternate method is to Use the Colebrook formula (£q(8. 35) 
rather than the Moody char] (Eqs), Tus, wilh £/b » 0, 
(con't) 


8-796 


(cont) 
Eg (8.35) ss 
jf = -2.0 log ( Rt which when combined with Egs- ©) and (4) gives 


| 2.5/1 D 
— --— eS. a 
(€ (6.0165D5)% ^ ^^ log | 114k 105(0. 0165 5554 | 


Using a computer roct-finding program to solve £4 (4) gives 
D= 0.926 which is consistent with the trial and error solvtjon 


given above. 
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9./O0Z, Determine the diameter of a steel pipe 
that is to carry 2,000 gal/min of gasoline with a 
pressure drop of 5 psi per 100 ft of horizontal 
pipe. 


£ a 
Le + dz, -hih +Z, + [035 2 where Z,-75 and y =V 


Thus, à 
£,- pn - fh tov? with ~~ fle = Sina (4 gi) 4- 100ff (|) 
p= 1.32 Sigs E £,syp 5 IEi3 | and 


y ini?) in. F : 

V= 2- (2000 251) GB) (03) (ko a or y- y. eT it with Det 
4 D 

Hence, Eg. (I) gives : 

sen - f loo ft) 4 (1.32 $s) (22 ee 





D- ani 


lugs, [5-87 pt (2) 
(1.32 ° (42 Ep 2 Ligue 
d PE. DN: M (3 
an 
t = -0-092015 , where D~ f (t) 


lor the Colebrook equation) 


Note: : 4 equations (2) (4, (4) and(s)) and 
* uknowns (T, $, D, Re) 

Trial and error solvtjon: 

Guess f= 0.02 “= D=0.567ft 

Thus, the guess ed Valve 


is not correct. a, a 2.15 xJof 
Guess f= 0.0149 Z> D= 0.534 fi Dn 1 f= 0,0/50 = 0.08 
(4 ao = 0,00028) 


Thus, D= 1.24 (0.0150)% = 0.535 ft 


Finally , the tourth eqvalion is the Moody chart f Nu- 
(5) 
Re 


Gu Re = 2.03x/0 


an. £ £ 0.000265 


x f=0.0/48 +0.02 


By using the Cole brook equation Eq. 8:35, ratherthan the Moody chart 


Eg, (), We have 
iF = -2,0 "EL 
Es 0. 2a 2.54 D — 

(D: TW" «s d -—335 ^| T4E XI (B7 1.24) 7a | 


Using a computer root-finding program to solve Fo, (6) gives 020.534 fl 
which is consistent with the aboye trial and error solvtion. 


£/D , I a | which Using Eqs (2) , 32, and («i is, 
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8./03 Water is to be moved from a large, closed tank in 
which the air pressure is 20 psi into a large, open tank through 
2000 ft of smooth pipe at the rate of 3 f /s. The fluid level in 
the open tank is 150 ft below that in the closed tank. Determine 
the required diameter of the pipe. Neglect minor losses. 








4- 2ooof] 
Enix (+z, + 2g the (1) 
where 
yr 20,2,-2,=/50f1 and p= 20ps', fr =0 
Also, p? 
" 3 


SE a ag, where Ve, iet 


Thus E (I) becomes 
Lee fale H p 200i Gi i) 
62.4 SON ST “EB imu f£) 





or $ 
D=18 f” (2) 
Also, 3.82 5 


Trial and error solution: 

Assume f=0.02 so from £2 (2) 20.540 H and from £o,¢3) 
Re = 5,87 X/0", Thus, from Fy9. 8.20 (with $ -0) f -0.0/3 £0.02 
Assume f=0.0/3 which gives D=0,495 ff Re = 6.40 10° and f =0.0125 

Assume f «0.025,50 D=0.¥9/t!, Re =6.¥bk0°, f= 0.0/25 (Checks) 

Thos, D= 0. 99/ fi 


Alternately , the Colebrook eguation, £9. &35, ralher than the Moody 
chart, Fig. 8:20, covld be vsed qs follows: 


(con't) 
8-99 


(con't) 
With E/D= 0, Eg. 8,325 Is 


IF - -2.0 log ( 2.54 /( Re 1f )) w here 


(4) 
from Eg (2) f= (D/.18)° (5) 
Thus, combining Eqs. (3), (4) and (£) gives 
1/ (0/1185 = -2.0 loo [2.51/((3.17x105/) (D/1./9)5) ] (4) 


Using a computer rool -finding fechmgye g/Ves the colam to £g (4) ds 
D= 0.4924) whichis conc'stent with the above trial and error solution. 


6 -/00 


EXZB 


8./04 Rainwater flows through the galvanized 
iron downspout shown in Fig. P8./09 at a rate of 
0.006 m?/s. Determine the size of the downspout 
cross section if it 1s a rectangle with an aspect 
ratio of 1.7 to 1 and it is completely filled with 
water. Neglect the velocity of the water in the 
gutter at the free surface and the head loss as- 
sociated with the elbow. 





f+ T FIGURE P8,/04 
+z, = ik t22 NS , where p=fh=0, V,-0, M -V, «n 
Zr. un and Z;-O 


Also, B D, * = "zf a ^ = 26h h 
a = 
v= & = oe zm, oosssh ^ $, where h~m " 


Thus, from Ee. (I) a 
HOEN - (1*f C) c e Ji zr 578 aA) 


6.4/x/0° f* = ie É 6) 
From Table 8.1 E - D : 2 = L5. , where h~m (3) 
M _ 0.003s3k*%)(1.26h m) y = 3970 (4) 
* ? [12/0 OLE h 

Finally, from Fig. 8.20 : 

- v 
Trial and error solution of RIS E a (5) 
Egs. (2) (3), (4), 4nd (5) for Im 


E 

Aion hz O, 05 - from (2) f= 0.4! Tom (3) = = 1.07 xl0 

and from (#) Rey = 293x10, Hence, from (#) F-0. am # 0.11! 
Assume h= 0.03 m ; from (2) $= 0.0227 Et 40x/0. * and Reg = -/ 32xJ0* 
Henco, from (5) f= ' 0.0290 4 0.0227 

Assume h= 0.025m. or f» 0.00677, $, =% 78x10 and Reg = 1.59K10" 
Hence, from (5) [« 0.03035 0. 00677" 

Assume I) - 0.035 m; or f- 0.0544; & = 3. yoxi” " 

Rep = 1,13x/0°, Hence from (5) f= 0. 0280 f | from Eg. (5)/ 


Plol f from Ee.(2) and J from Eq. (5) as - 
a function of h, Solution is a the | 
ive curves intersect. 


Thus }=0.03!m and b=1,7(0.03/m) 
 0,03/ m by 0.053 m 


X----xf — = X- — 


P Eq. (2) 





(con't) 


§-10! 


(con^) 


This problem can be solved using the Colebrook equation, £g. 6,35, 
rather than the Moody chart Fig. 8.29 as follows’ 
From E g. 8,35 

| 


Je = -2o log (ELA + BS 


(6 
Re, Vt 
where. Írom Eq, ( 2) 
f= (6.4/x10°hS-h) /5.55 (7) 
Combining Egs. (3) (4), (6), and (7) gives a single equation for h : 
| ol 119X107 2.5] 
[(64xl05h*- )/s,55] — 2.0109) t 3970[ (6.#/x10°h®-h)/5.55] j n 


Using a computer root- finding program gives h =0.03/3 m, which is the 
same as that obtained by the above trial and error method. 


6-/02 





*§./05 Repeat Problem 8./e4if the downspout is circular. 





— 


d dez, - s d 27. Bz, fhe where f, "f =0, 4 = =0, Va V 
Z,= 407m, andzZz=0 Thus, 2,=(|+ 4E or 


(4. 07 2X 9,8) 4) =(| +f al 
Hence, with V ET or laces) . 2.00767 RZ 


79,9 = (1 La cane 


Or f= 1956 */0 $ DS -0,1429 D , where D~m (2) 
Also, Re = V2 = (*S*)D _ 0.00764 f 
J p 





(l) 
(1) becomes 


á (12x10 *2)D 
fec depu (a 
From Table 8.! £= olx y that £9. 8.35 becomes (4) 
zu. 
\F =~2-0 log) 1 a | or when combined wih Egs. (Zand (+) 
mie cs 405xI05 , 2.569x/0 ' D (5) 
ain | nw E d 
Solve Ees. (2) and (S) for. fand D as follows: Substitute f from 
Eq. (2) into Eq (5) fo obiain a single equation for D: 
——— Á——— Mz s-2.l ipee p 3$BxIU*D 
(1 Q0c4xl0? D^ LQ M29 D). omy D (1.956xI0° D> -0./429 D) x | (6) 


Using a computer root - finding te chnigve gives 
D = 0.0445 m 
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8./67 Air, assumed incompressible, flows through the two 
pipes shown in Fig. P8/62. Determine the flowrate if minor 
losses are neglected and the friction factor in each pipe is 0.015. 
Determine the flowrate if the 0.5-in.-diameter pipe were re- 
placed by a l-in.-diameter pipe. Comment on the assumption, 
of incompressibility. 





FIGURE P8./07 


fps oe =h , Pas. where A Zo= Zz, fy=0, (I) 
Vo = ye TR b j h,= £s , and V = 4s 4 = - V2)" OE] V2 
Thus, £g. (1) becomes =0.25 \ 

€ h, (0.25 V f ha V 

a a (26mm, b, 4 , 22 

fo = zer t (0.25) 4 P + || lh, as (2) 

] 2p . (o. 5 in 2l N1144 H2) slug 
With Po VIAL, or Fo Rh (1716 395 s lb 2, )(150#460)°R "09202 3p 


and f,*f,- 0.0915 £e, (2) gives 
(0.5 2, 492s ) - 4 (o. 0020953 V7 loors {EE oas S Ja] 
D "Ws 90.4 Thus, Q- LV - Z sit) (90.48) =0,123 £ 
Lf both pipes were | in. diameter, hen VY =V and pm 
Po = tevsi h #1] on with hte, Beh, and 0,+b. 
A de For +] 


Hence, 


(asf E 417) = $ (0.00209 SA) V, ‘Joos (ao zr Jj 





u =9/,7 ft Thus, Q=/2 Ve = "e - 0.500 
Since p=eRT it follows that 
ix = 2 ~ 4 1 Lf we assume Ty =7% (it probably will not be, 
E 


hut it should be a reasonable approximation ) then 


ON a 00 /47p3 


"e * De cse) 0167 The hw is nearly incompressible. 


3-1 OF 


*8./0 8 Repeat Problem 8/07if the pipes are galvanized iron 
and the friction factors are not known a priori. 





FIGURE P8./97? 


yee 2 
UAE =h, + nt e rns, where i70, 20772 ,fs,70 a= la, ds 





tA WX -.f£ A wt Va D2)? 5 in.\* 
hu m faga dp a Vr =a) =( GH") Vy = 0.25 Ve 


Thus, Eq. (1) becomes E us 
e - T. Z^» thE ete 
* 


O 
^- XV |i losh +1] i X i 
T3 73 In. 
With fo= Pohl, or (7 Pe. _ (05 inn 414-7 9h (Pg) =0.00204q $4 








RT ( 1b e fi? 
1716 15. (5o 50)" 
Eq, (2) becomes bo 
lb At. d sl *[ 2r / zoff 20fl 
PEE Hā) = (0.00209 qi) (0.25) f AA )* Cra) +| 
6,89x/0" = Vp" (15 f, +¥80f, * |) (3) 
Also from Table 8.1 : D) = SB 2000s = 0, 006 (4) 
I2 
_ Q,000511 . 
and » - "-H = 0, 0/2 (5) 


and 
Re, = BA , Heg 7 A D. , where trom Table B.3 


-7 lb: 2 
y = + = 4, 18x10 sia = 2.00x/0 * ÍL 
0.00209 lA 


Hence ! 
3 a 0,25 V2) (7z ft) - 
sid Re, 2.00x]0 32^ lo V - 
_ Va (zz f1) 
Re, = 





20ngé * I gp = 208 Vz ; (7) 
- 
For turbulent flow Eg, 8.35 gives y --2.0 hg B + e | (8) 


By combining Egs. (+) Through (8) we oblain 
ait. er -3 2. 4/x|9 * (9) 
VF 2.0 log 1 62x16 + AUTO] 


Va VF, 
and -2 
| -3 1,21 x10 
TE 2.0 DE T DEA | ( 
(con't) 


$-105 


(con't) 


Al computer trial and error solvtion method gives the solution to Egs. (3) (9) 


and (10) as i 
i, z 00725 A - 0.046, apnd yest 
Thus, 


W) = ha ⁄ = O Va = 4 (oz gf (547 2) =- 745 xo? 


If D, =D, , then V, |" J f, =f, Since 5 E 5, = 0.006, and 
Re, = Re, = Ve Ds V. (rz f) - HAV, 


A^ namo M PT 


2.00 x|O ^ £t 
Thvs, Eq. (1) E 


po= reve] (ALS) +1] 





or 
(0.5 (14 5) = 2(0.00209 $4) | f An) )*1] 
Hence, 
6.99 x10" = V; [480f, *1] (i) 


e, from Fa. (8) 
11 6-03x|0? 
72.2 !eg[seanio™ + Sete ] 


2 [12 


(12) 


A computer solution of Eqs. (I) and (12) gives 
f,-0.035! and V 7622 f 
Ths, 


Q=AV = EDV, = F(a) (62.2 #)2 0.339 £ 





Mole: Since 72=eRT it follows that 


&-G. Gg 


fo Te It weassume 13 = To (it probably will pot be, 
but it iE i a reasonable approximation ) then 


icc = _/#7P5|_ 20,967 The flowis nearly incompressible. 
Po o (0,5 #/%7) psi 


8-/06 


8,110 


Q./10 The flowrate between tank A and tank 
B shown in Fig. P8.//0 is to be increased by 30% E-—s*—— 6-in.diameter; ^ 6-in. diameter; 
(i.e.. from Q to 1.30Q) by the addition of a sec- SORR Igre a0) tang 

ond pipe (indicated by the dotted lines) running 
from node C to tank B. If the elevation of the 
free surface in tank A is 25 ft above that in tank 








B. determine the diameter, D, of this new pipe. 2 © ETCUNN 
Neglect minor losses and assume that the friction Diameter D, 500 ft long 
factor for each pipe is 0.02. FIGURE P3. //O 


With the single pipe A+ Mh tp = fef +Za+f, 2E. 33 & (i 
where th= fe = , Ya=Vg=O , Z,=25 ft, Zg =O 
and V, =V; (since D, =2a), 


2 
Thus, Z7 f, UA M, or 256A = (02) Seat V 
i 


GEA)  2(32.2%) 
or : 
V 76.05 i Hence, Q=A,V, -E (En) ( 6.052) = 1,188 if 


With -the second pipe Q= /.30(/./98 fF) = see 


Ths, Q,=15## = Q+Qe or Y= Gt = gee = 2048 
42 


For fluid flowing from A to B throvgh pipes ! and 2 j 


2 2 
z= h, + n” T2 +f 5 Z (see Eg. ()) 
or 





2 z 
UTER (EA) inm "m (& ^; i if) 
nen i 
Q,- A,V 7 Z( fi) (2.60) » 0.5, 3 
Thos, Q,=9-&= sy -osn = 103 
For thid flowing from A t08 throvgh pipes /and 3, 
Za = h, th; -AL igh ^ _& 140328 13 








ek 
22 29 , wher e 6- n ae” T 
2 ? Ses ED D, 
- (5.02 $0988. (7948 soot. (Tg). 
25fl - (0.02) (GH) 20228) DAR ge 2 (32.211) 
or 
D, = 0. 662f} 


Note: With the parameters given, the solution is quite sensitive to 
round off errors in the calculations 
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8.1 


8.111 The three tanks shown in Fig. P8.111 arecoanected by pipes 





with friction factors of 0.03 for each pipe. Determine the water ve- Elevation = 
locity in each pipe. Neglect minor losses. 850 ft 
C2) 
Elevation = . 
D=1.1ft 
D x 10 ft €=700ft 
m mee -— nz 
b: Ww ul ipt Pind Sisi de (2 en 
"T > zy «) 
MIR W32) DM un UAE i 
D=12ft Ww cone 
€ = 600 ft M. 





BW FIGURE P8.tti 


Assume the flow from both tanks A and B is into tonkC, or Q, Q tQ, 
Thus, ED; Va = ED VM +ẸD?V, or 125 M5 7 10*M * LI* V, 
Hence, V, 7 0694 V, *O.890V, (n 
For the: flow - 5 ne "i. fn“ fre =9, Vq=Ve=0, we obtain 


p= 2, tf 0.03 gott, a T. 
he s # 2 X 22 Or 838 ff =80S5f] * 5732.28) DETTA aM 


33 = 0.373 V? * 0.233 W. (2) 
Similarly tor the flow from B toC, with pa“ p-=0, W=% =0, we obtain 


A -z, f by £2 * or BSO = opos 42 petu, 6908 a 


ys =0.296 V +0, 233 e (3) 
Thus, J equations ((1),(2) andl3)) for y ; V. and V3. Solve as follows : 
Subtract (2) from (3) fo obtain 





12 = 0.296 Vp - 0.373 V,? (4) 
From (2): Vz =y 14.6 71.6 V* or when combined with (1): | 
J[I41.6- 1.57 - 0.699 V 10.840V.. or V." 4200 -2.27V,* -0.826 V, (s) 


Combine Eqs.(#)and (5) to sona" 
2 = | (200 -2.27V^ -0.826 2E = or ; which can be simplified to 


V /200-2.27 W^ » 46.5 - 1725 V* By squaring this eqation we (6) 
oblin (afler simplification) : ete 79.1 
Y- jot 5V,> +177 20 Hence: V= 2:5 3V0t5" 40779). 7, 


2. 22.4 
Thus, V,= 6.09 É or V= 473 fi 


Mole: The V, 20.84 solvtion is an exlra root iniroduced by sqvaring £q. (4). 
It is not a solution of the original £qgs. (1,0) 03), For this valve , £g. (4) 
becomes 834/200 - 2.27(9.89%) £ 96,5-/.725 (8, 89). or 402-40 

Thus V = 4,73 f , from Eo, (2) V3 = [22-98 pea 10.3 5 3 HO 


and from Eg.(I) V,» 103-0494 = 8.35 


§~/08 


8.142 The three water-filled tanks shown in Fig. 
P8J/Z are connected by pipes as indicated. If 
minor losses are neglected, determine the flow- 
rate in each pipe. 


Elevation = 60 m 


=~ 
E 


D 
FIGURE milia 
Assume the fluid flows from Ato 8B and A toC. Thus, Q, =Q +0 
Or E (olm? V, - 2( 0.08m) V, + E (0.08m Vs 
" V, = 064V +0.64 V; 

For flvid Not, from A foB wilh £7 f 70 and V, Ve *0 

Z7 Zp ZITAT A y 

a D, 22 

60m - 20m = (0.015) 





200m y^ 200m V 
oam) ataa * (29 (2555) zr sr; 
Hence, 


HO = 4,529V «2.55 V 
Similarly, z y flowing trom A fol with à “fe = =0 and Y= "ES 0, 


d zh RE 


‘dla = (0.015)(-202m — M. «(0.02 ose) me - 
0.1m /2(49|%) onam? a(l eri 





Hence, 

60=1.529 V? +5.10 V; 

Solve Ees. (12,(2), and (3) for Vi, Vs, and Va, From Eos. (1) and (3): 

60-1529 (0.5) (V, 4W Y *540 ^. op 958 -(Vo*V) * 819^ 

Subtract Eo, (2) from Eo, (3): 

60-40 = 5.10\V4"+ 2.55%" or Vy =/2V2 = 7.8% 

Thus, from Eqs. (4) and(s): BMV, 4 /av2-7.04 +v, ) - -95.9 =0 
This can be simplified to 

2W/2W-289 -103.6 - I. MW. Square both sides and 

rearrange 10 give "A - [9,63 Ww. * 492.5 -0 which ean be solyed 
by the quadratic formula fo give 
Ws Ip est yite giret) = 11.77 or 7-86 Thus V,=3.432 
or V3= 2.800 


| (con't) 


8-109. 





(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(con't) 


Note: The value \4=3.43% is nol a solution of the original equations 


Eas. (1), (2), and (3). With this value the right hand side of Eg. (5) 


is negative (ie. 103.6 - ILI W^» J03,6— 1.4 (3,43) 2 -24 5), Ax 


seen from the lef! hand side of £9.(6), this camo be. This exlra 
root was introduced by squaring Eq. ¢4). 


Thus, Q7 AW 7 E (0.09m) (2.80%) = 0.014) E 
Also, from Eo. (3: BUM 

60=/.529 Y? +5.10 (2.80) or frs 
o Q = AV, = E (ojomY (3.622) - 
and from Ee. (): 


3.62 = 0.64 V, *0.64(2.80) or V, 2.86 2 
Or 


Q, = Ar Ve = Z (0.08m). (2.86 2) =O. 0143 
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8-113 (See “Deepwater pipeline,” Section 8.5.2.) Five oil 
fields, each producing an output of Q barrels per day, are con- 
nected to the 28-in.-diameter "main line pipe" (4—B-C) by 16- 
in.-diameter “lateral pipes” as shown in Fig. P8.1! 3 The fric- 
tion factor is the same for each of the pipes and elevation effects 
are negligible. (a) For section A—B determine the ratio of the 
pressure drop per mile in the main line pipe to that in the lat- 
eral pipes. (b) Repeat the calculations for section B-C. 


For any of the pi pe sections op -f i5, Or Ap * J un iD 


2. 
(a) Thus, Afe : z 0 e lag me and AP iat = = £0 Ma "P. zx 


basa 

Afas Ae (Vos / Das ) 
AP iat 7 Bad ( Vai / S 
Also 





BFIGURE P$&/!3 


I 
b 


, where fag = tt 


(I) 


(ag - 3Q so that F Dye lig" 3 2 Dui Vi or Vae/ Vial =3 (Dyas /Deg) 


Thus, Eo. (1) becomes 
^f^ m 


frat! Ing -|sn4) | (Da) -a a( zit t) = ( tiny. = 0, 548 


(b) Similarly, for section 8c: 
foc “yet Vee f/ Dye 5o that 


Apes / fac , ( Vac / Dac ) 
AP iat Mat — (Vii / Dja)) 
Also, 


(2 


Qec=S5Qin or. Voc/ Mat 7 5 (Dig / Dye). so Tat Eg.(22. becomes 


yA 
ers "| soe) ] (agens (Du oo Lsa 


6-/Il 


8./1/6@ A 2-in.-diameter orifice plate is inserted in a 3-in.- 

diameter pipe. If the water flowrate through the pipe is 0.90 cfs, V E 
determine the pressure difference indicated by a manometer —»/A D-73in. d-2in. 
attached to the flow meter, + 





2(. j 3 
& = GA AE ES where 8-4 = En, -$. ()= 0.70 704 and 
L 
bp 


Also, Ag = d : 
Re = y? , where Veg = No =/426 fl 
Th us 4 D (Aft) i 
' aasin) | , | 
ENPTME, p uno Hence, from Fig.B.41 * C,= 0.608 
so that 


0,9 = (0.6002 (2 4 Jaen 
FOR ir EA 


or 
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8.1/7 Air to ventilate an underground mine flows through 
a large 2-m-diameter pipe. A crude flowrate meter is constructed 
by placing a sheet metal ** washer'' between two sections of the 
pipe. Estimate the flowrate if the hole in the sheet metal has a 
diameter of 1.6 m and the pressure difference across the sheet 
metal is 8.0 mm of water. 






A= CA, ACE a C E (tn 


2 (0.008 m) (480x102) 


(A23 3) [] - (52 | 





Or ; 
Q=295C, # 


2m) V 
Also, Ra: = ELE or fe-zL87x|0 V where V~% 
af 
and 
=d . “bm _ 
E" D 2.0m - 08 


Trial and error solvlion: 


Assume C,=0.6! so that from Eq, (1) Q =29.5 (0.61) = 18. om 


- E mz 
= = 5.73 m 


From E9.(2), he = p (5.73) = 285 x/0” 


This Re and B give C, - O. 6|. (see Fig. 8.41) which agrees 
with the assumed valve. 


3 
Thus, @ =/8.0 P. 


9-113 





(1) 
(2) 


6, 


/8 


8./[8 Water flows through a 40-mm-diameter 

nozzle meter in a 75-mm-diameter pipe at a rate V ; 

of 0.015 m/s. Determine the pressure difference —»AD-0.075m d=0.04m 
across the nozzle if the temperature is (a) 10 °C, 4 


or (b) 80 °C. Q-0 015 5 
z S 


Q-C, Anil edic, where g-4 = T = 0,533 


Thus, Ec 
0,045 € - GE (oos [I 





Or 
Cn V fe = 8.090% where 0", Aer d 
3 
Also, p. - YD . V(0.075m) |. y 4.8. .995S 15 
» Re= uw v Lv, with V= = £(0.07%my = 3.405 
a) Assume T=10C or from Table 8.2: p=9927 1, ; V =1.307x1 0 2E 
Thos (3 m 
J (3.707 )(0.025 m) P $ : ; 
^ 4807xj9 E — /95X/0 co that from Fig.8. 43: 
C, - 0.986 
From Eg.(0: | 0.9864] Pr -fz = 8.09(999. or fof 6.73x10% 
Thus, P; -QF 673 kPa 


b) Assume T=80T, of trom Table B.2 :g-?7.8 2, Y=BbEXIO 2m 


Thos, m 
e fos (075m) _ 6 99105 so that from Fig. 8-43: 


3.45 xı0 
C, = 0.991 
l 
From Eg): 0.99 [p;-pa = 80919718} or p-p 6.49110 


Thos, 
f f 64.8 kPa 
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8.1/9 Air at 200 °F and 60 psia flows in a 4- 
in.-diameter pipe at a rate of 0.52 [b/s. Determine 
the pressure at the 2-in-diameter throat of a Ven- 
turi meter placed in the pipe. 


Q = C, 4, ]- £2 wig. -f = 





e(I- 61) , ae =0,5 and SQ= 0,52 > Ib (1) 
Als, e= & = (60% pst ins) 


= 7,63x/0 su 
(1716 2 HP )( 200+460)°R ft? 
So "e 


ð= 09 = = (rasx10 92) (02 2 ft) - 0.246 1, 


n E 
Thus, Q= 2527 AE mi se 2 2.11 


=242 Ë 
z "TETN : 
Also, trom Table 6.3, A 449x/9 Ibs so that 


s ft* 
oe eV (763x107 e) oa PG n) ak sate 


449 X10” E 
Hence, Írom Fig. 8.75, 
C, zo98 


2 2 
From E«.(1) : 2. i£ - onm n es SEL 
or | ft* 


Pı f 348 Le 7 pa) = = 0: 242 E 


Thus, f. = (60-0.242)psia = 59.76 psia 


8-1/5 


8.120 A 2.5-in.-diameter flow nozzle is in- 
Stalled in a 3.8-in.-diameter pipe that carries water 
at 160 °F. If the air—-water manometer used to 


measure the pressure difference across the meter V (1) d 
indicates a reading of 3.1 ft, determine the flow- -»À Dz3.8/n.« d=2.5in. 
rate. l D, 


Ti 9-6 | f een qm. one 67$ - i3 -oss 


n AE 6.) : pr -/.896 sms , 4 2 8.32x10* PS so that 


_ (1.996 BE v(3e f1) 


-6 lb-s S 
8.32xI0 A 





() 


QD 





ES = 722x/0 "V. where y- ff (2) 
Also, with Q= a Ee (1) becomes (using P 7£»- Sh): 


AEAN V= Cn FRR) acest eum |f 


(1.896 $135) ()-0,658*) 


or 
V=6.78 Ch (3) 
Trial and error solution using Fig. 8.43 for Cn= Cp (Re, @=0658): 
Assume Cy=0.99 From £9.02) V=6.76 (0.9) 26.04 
From Eg. (2) Re = 7.22.x10%(6.7/2) = 484¢x10° which from 
Fra. 8.43 gives C,=0.99 (checks with assumed value) 


Thes, V-&7!É and Q- Eb V- Z(S8n)(&.2/8) -0.52g E. 


8-//6 





(1) 


(2) 


(3) 


air 


8./21 A0.064 m-diameter nozzle meter is installed in a0.097 m- 
diameter pipe that carries water at 60°C. If the inverted 
air—water U-tube manometer used to measure the pressure dif- 


ference across the meter indicates a reading of 1 m, determine V 
the flowrate. 


MN 
—-)D-90097, | (*» d-o.06*m 
(1) Ft 


| 06 
Q 7 C, fi, XM. where Q of = DM 20 660 


From Table B.2.: Q = 983,2 s MF FEESX1O pt A SO that 
Re = , EX | . (214) y (o or 


4, 665x10 pt MS - A 






or 

Re = 2,04 x10 V. where V 

Also, with Q=G OV and £7 f: - fh =pgh= 983.2 p as (9.8) 52) (1m) 
equation (1) becomes = 9.65x10°M M 


: 3v y 
ToosznY V «6, foem! | 2 Regie ms] * 


(23.2.52) ( 1— o, 440) 
m? 
or 


Trial and error solviten using Fig, 8.43 for C, 7 C, (Re, 80.660) 
Assume C, - 0.29 From £g. (3) V = 2./4(0.99) = 2/22 
From Ea, (2), Re = 2.04x10° (2.12) = 44 32x10 which from 


Fig. 8.43 gives Cy» 9.99 which checks with the assumed valve. 
Thus V=2./22 and Q =D +V = Z (0.097 m)” (244843) 28. "á ES 


8./22 Water flows through the Venturi meter 
shown in Fig. P8./22. The specific gravity of the 
manometer ftuid 1s 1.52. Determine the flowrate. 





FIGURE P8./22 


Q*C, A, | A | where @=-p =O 2 -0.5 





Also, 
: f +l = p, tr (-h) *YSOh or p-p,- f(SE-I)h og (s6-1)h 


ehce, 


20e2(Sc-I)h 
VCA” ti-e ; 
- 2 (32. rm -1)(2#) 
Q= Cy 4 Z(3g) | TT 0.5 72 | 


US, 


Q- 0.1198C, Assume C,=0,98 so that Q=0.1199 (0.98)=0.1174E 


Hence 3 
: 0,117 A 


e n 1 
V ^g E ERY = 0,596 E So that 


Re = VD _ (0, 5962) (FH) 


——————————— 
Ax 


2. 44 xI0^ 
V I.21x10^ ££ 


From Fig. 8.45 af this Re, Cy*0.96 +0.98, the assumed valve. 
Hence, assume Cy =0.96 , Or 





3 
Q=0.1/98 (0.96) = 0.52 and V= Z(5y =0.586 # 
i2 
Therefore, Re . osse (E) =2.42x10" so that from Fig. 8.45 
Cy=0.96 Checks with assumed valve. 


- H 
Hence, Q= 0.154 
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L^ 
B 


5.123. Water flows through the orifice meter shown in 
Fig. P8423 at a rate of 0.10 cfs. If d = 0.1 ft, determine the 


value of A. 





FIGURE PS. 23. 


Q= oA EE w where @= £- oec (I) 


Also i? 
j Fao -45gH S0 that 


Re =W -= zd = 6.31410" Hence, from Fig. 8.41, C,=0.616 
S 


Hosen from £g. (0: E> 
on ou) Bor 568588. uuo, 


8 -1/9 


h=/.6 ff 


rt 


/ 
8.72. | Water flows through the orifice meter shown in 
Fig. P8./23 such that A — 1.6 ft with d = 1.5in. Determine the 
flowrate. 





v 
ow free M t 
) d 





FIGURE P8. (23 

Q= Cha EER , where @= 4 = Lt = 0.75 and f, f,- Yh* egh 
Thus, L 

i 2| 2 o(82.22)1.6f)]? 
Q-G, Z (42g) | P (1-0.75*) | 
or 
() 70.151 C, v(& 4) (1) 

= VD `- VAZ f int = _ 

Also, Re E uS ES "anxie = /, 38X10 V, where V zp = ¥5.8Q (2) 


Trial and error solution? 
Assume 6, = 0. 6: or from £e. (1), Q = 0,/51 (0.6) = 0.09 06 g 
Hence, from £9.(2), V=45.8(0.0906)=4./5 and Re - 5,73x/0* 
From Fig. 8.4) with this Re and È , Q= 0.62 0.6 (the assumed valve) 


Assume C= 0-62 or Q=0/51(0.62) = O. 0936 ft Thus V=¥5.8 (0.0936) 
or V=4.298 and he = 5.92 x/0", From Fig, &^l , C, = 0.62, the 
assumed Valve. 

fence, () - 0.0936 a 


§-/20 





8.125 The scale reading on the rotameter shown in Fig. P8.125 
and Video V8.14 (also see Fig. 8.46) is directly proportional to the 
volumetric flowrate. With a scale reading of 2.6 the water bubbles  ,.. a 
up approximately 3 in. How far will it bubble up if the scale read- || £ 
ing is 5.0? * | se 





t Rotameter 


S FIGURE P8.1AaF 


/ V* 2 iy? 
ft AZ, * n fz iz É 
where 
f, "p.74, £,-0, |, «0 so that with no lasses (h, <2) 
y 
() ez, 


For r^ rolameter Q=K*SR where SR =scale reading and 
Krs a constan? 
i Ah so that when combined with Ea. /) 
K^ (2.4 T *(s.0] 
tu =f or Aca ^ 26 H) ad ——— 24 
By dividing these two equations, 





2 
ois E aa or h=0.925 ft =///in 
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8.J2@ Friction Factor for Laminar and Transitional Pipe Flow 


Objective: Theoretically, the friction factor, f, for laminar pipe flow is given by 
f = 64/ Re, where the Reynolds number, Re = pVD/p, is based on the average velocity, V, 
within the pipe and the pipe diameter, D. Also, the flow is normally laminar for Re < 2100. 
The purpose of this experiment is to use the device shown in Fig. P8.126 to investigate these 
two properties. 


Equipment: Small diameter metal tubes (pipes), air supply with flow regulator, rotame- 
ter flow meter, manometer. 


Experimental Procedure: Attach a tube of length L and diameter D to the plenum. Ad- 
just the flow regulator to obtain the desired flowrate as measured by the rotameter. Record 
the manometer reading, h, so that the pressure difference between the plenum (tank) and the 
free jet at the end of the tube can be determined. Repeat for several different flowrates and 
tube diameters. Record the barometer reading, Hyan in inches of mercury and the air tem- 
perature, T, so that the air density can be calculated by use of the perfect gas law. 


Calculations: For each of the data sets determine the pressure difference, Ap = Ymh, 
between the plenum pressure and the free jet pressure. Here y,, is the specific weight of 
the manometer fluid. Use the energy equation, Eq. 5.84, to determine the friction factor, f. 
Assume the loss coefficient for the pipe entrance is K, = 0.8. Also calculate the Reynolds 
number, Re, for each data set. 


Graph: On a log-log graph, plot the experimentally determined friction factor, f, as ordi- 
nates and the Reynolds number, Re, as abscissas. 


Results: On the same graph, plot the theoretical friction factor for laminar flow, 
f = 64/Re, as a function of the Reynolds number. Based on the experimental data, determine 
the maximum value of the Reynolds number for which the flow in these pipes is laminar. 


Data: To proceed, print this page for reference when you work the problem and etiek here 
to bring up an EXCEL page with the data for this problem. 





w FIGURE P8./2G 


(con't) 


$-/22. 


| 8.126 | (con't) 


Solution for Problem 8./26: .Friction Factor for Laminar and Transitional Pipe Flow 


T,degF 


L, in. Hatm, in. Hg 
24 28.9 73 
Theoretical 

h, in. Q, ml/min Q, cfs V, fps Re f Re f 
D = 0.108 in. Data 100 0.6400 

7.15 6600 0.003887 61.11 3202 0.0341 2100 0.0305 

6.75 6200 0.003652 57.40 3008 0.0349 

6.26 6000 0.003534 55.55 2911 0.0345 

5.54 5650 0.003328 52.31 2741 0.0344 

4.66 5150 0.003033 47.68 2499 0.0349 

4.29 5000 0.002945 46.29 2426 0.0339 

3.92 4860 0.002863 45.00 2358 0.0325 

3.48 4600 0.002709 42.59 2232 0.0322 

3.21 4500 0.002651 41.66 2183 0.0307 

2.34 3700 0.002179 34.26 1795 0.0338 

1.86 2900 0.001708 26.85 1407 0.0461 

1.11 1800 0.001060 16.67 873 0.0758 

0.63 1100 0.000648 10.18 534 0.1194 
D = 0.046 in. Data 

9.52 560 0.000330 28.58 638 0.1007 

7.68 475 0.000280 24.24 541 0.1134 

7.08 425 0.000250 21.69 484 0.1311 

5.26 345 0.000186 16.08 359 0.1785 

3.39 221 0.000130 11.28 252 0.2348 

2.61 165 0.000097 8.42 188 0.3256 
D = 0.063 in. Data 

4.58 925 0.000545 25.17 770 0.0838 

3.32 680 0.000401 18.50 566 0.1140 

2.51 530 0.000312 14.42 441 0.1431 

1.48 325 0.000191 8.84 270 0.2270 

0.86 190 0.000112 5.17 158 0.3893 


P = Patm/RT where 


Patm = YH20"Hatm = 847 Ib/ft*3*(28.9/12 ft) = 2040 Ib/ft^2 
R = 1716 ft Ib/slug deg R 
T = 73 + 460 = 533 deg R 


Thus, p = 0.00223 slug/ft*3 and y = p*g = 0.0718 Ib/ft^3 
Also, u 7 3.83E-7 Ib s/ft*2 


Theoretical for laminar fiow: f = 64/Re * 64/(pDV/y) 


Ap/y = (fL/D + K,_ + 1)(V*2/2g) where K, = entrance loss coefficient = 0.8 and V = Q/(xD^2/4) 


(coni) 
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(con't) 


Problem 8, / 26 
Friction Factor, f, vs Reynolds Number, Re 
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€ Experimental, D = 0.108 in. 
& Experimental, D = 0.046 in. 
@ Experimental, D = 0.063 in. 
— Theoretical, laminar 
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8./27 Calibration of an Orifice Meter and a Venturi Meter 


Objective: Because of various real-world, nonideal conditions, neither orifice meters nor 
Venturi meters operate exactly as predicted by a simple theoretical analysis. The purpose of 
this experiment is to use the device shown in Fig. P8./27 to calibrate an orifice meter and a 
Venturi meter. 


Equipment: Water tank with sight gage, pump, Venturi meter, orifice meter, manometers. 


Experimental Procedure: Determine the pipe diameter, D, and the throat diameter, d, 
for the flow meters. Note that each meter has the same values of D and d. Make sure that the 
tubes connecting the manometers to the flow meters do not contain any unwanted air bubbles. 
This can be verified by noting that the manometer readings, h,, and h,, are zero when the sys- 
tem is full of water and the flowrate, Q, is zero. Turn on the pump and adjust the valve to 
give the desired flowrate. Record the time, t, it takes for a given volume, V, of water to be 
pumped from the tank. The volume can be determined from using the sight gage on the tank. 
At this flowrate record the manometer readings. Repeat for several different flowrates. 


Calculations: For each data set determine the volumetric flowrate, Q = V/t, and the pres- 
sure differences across each meter, Ap = y,,4, where Ym is the specific weight of the manome- 
ter fluid. Use the flow meter equations (see Section 8.6.1) to determine the orifice discharge 
coefficient, C,, and the Venturi discharge coefficient, C,, for these meters. 


Graph: Onalog-log graph, plot flowrate, Q, as ordinates and pressure difference, Ap, as 
abscissas. 


Result: On the same graph, plot the ideal flowrate, Qj;,4; (see Eq. 8.37), as a function of 
pressure difference. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 





Orifice meter mw FIGURE P8./27 


(con t) 
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8.129 | (con't) 


Solution for Problem 8.]27': Calibration of an Orifice Meter and a Venturi Meter 


d, in. 
0.625 


Us 
27.0 
19.2 
34.2 
16.6 
12.0 
11.7 
15.4 
25.1 
20.4 
145.3 
15.7 


D, in. 
1.025 


ho, Im 


9.3 
37.1 

5.5 
23.9 
43.2 
9133 
27.9 
10.1 
14.7 
21.4 
26.7 


V. gallons 
2.00 


h,, in. 
3.8 
14.5 
1.9 
10.1 
18.1 
21.7 
11.2 
4.2 
6.2 
8.7 
11.2 


Ap,, Ib/ft^2 Ap,, b/ft*2  Q, ft'/s 


48.4 


192.9 


28.6 


124.3 
224.6 
266.8 
145.1 


62.5 
76.4 


1112$ 
138.8 


19.8 
75.4 
9.9 
92.5 
94.1 
112.8 
98.2 
21.8 
32.2 
45.2 
98.2 


0.0099 
0.0203 
0.0078 
0.0161 
0.0223 
0.0229 
0.0174 
0.0107 
0.0131 
0.0155 
0.0170 


Average discharge coefficient: 


C. 
0.611 
0.626 
0.627 
0.620 
0.638 
0.600 
0.618 
0.631 
0.643 
0.629 
0.620 


0.624 
orifice 


Cy 
0.956 
1.001 
1.067 
0.953 
0.985 
0.923 
0.976 
0.978 
0.990 
0.986 
0.957 


0.979 
venturi 


Ideal 
C - 1 
Ap, Ib/ft^2 
18.0 
79.9 
11.2 
47.7 
91.4 
96.1 
55.5 
20.9 
31.6 
44.0 
53.4 


Q = V gal/t s x (231 in.^3/gal)x(1 ft^3/1728 in.^3) 
Ap 7 Yuzo*h 7 62.4 Ib/ft^3 *h ft 


Q, zAz/[1 - (A2/A1)^2]^0.5*C,*(2*g* ^p,/y120)^0.5 
and 

Q, =A2/{1 - (A2/A1)^2]^0.5*C,*(2*g*ADo/y420)^0.5 
where 

A, = 1 D^2/A z 1 (1.025/12 ft)^2/4 2 0.00573 ft^2 
and 

A, = n d^2/4 = n (0.625/12 ft)*2/4 = 0.00213 ft*2 


Problem 8,127 
Flow Rate, Q, vs Pressure Difference, Ap 
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Q, ft^3/s 
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8.429 Flow from a Tank through a Pipe System 


Objective: The rate of flow of water from a tank is a function of the pipe system used 
to drain the tank. The purpose of this experiment is to use a pipe system as shown in 
Fig. P8.127 to investigate the importance of major and minor head losses in a typical pipe 
flow situation. 


Equipment: Water tank; various lengths of galvanized iron pipe; various threaded pipe 
fittings (valves, elbows, etc.); pipe wrenches; stop watch; thermometer. 


Experimental Procedure: Use the pipe segments and pipe fittings to construct a suit- 
able pipeline through which the tank water may flow into a floor drain. Measure the pipe di- 
ameter, D, and the various pipe lengths and note the various valves and fittings used. Mea- 
sure the elevation difference, H, between the bottom of the tank and the outlet of the pipe. 
Also determine the cross-sectional area of the tank, Aang: Fill the tank with water and record 
the water temperature, T. With the pipeline valve wide open, measure the water depth, h, in 
the tank as a function of time, t, as the tank drains. 


Calculations: Calculate the experimentally determined flowrate, Q., from the tank as 
Q., = —Ay;,,, dh/dt, where the time rate of change of water depth, dh/dt, is obtained from 
the slope of the A versus t graph. Select a typical water depth, hı, for this calculation. 


Graph: Plot the water depth, A, in the tank as ordinates and time, t, as abscissas. 


Results: For the pipe system used in this experiment, use the energy equation to calculate 
the theoretical flowrate, Qn, based on three different assumptions. Use the same typical water 
depth, A,, for the theoretical calculations as was used in determining Q.. First, calculate Qy 
under the assumption that all losses are negligible. Second, calculate Q,, if only major losses 
(pipe friction) are important. Third, calculate Q if both major and minor losses are important. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 


Atank 





a FIGURE P8.'/2F 


(con't) 
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(conl) 


Solution for Problem 8.128: Flow from a Tank Through a Pipe System 


The pipe is galvanized iron with threaded fittings. 
The system contains: 


D, in. 
0.595 


h, ft 
1.00 
0.90 
0.80 
0.70 
0.60 
0.50 
0.40 


one sharp edged entrance 
one fully open globe valve 
two 45-deg elbows 
four 90-deg elbows 


Atank: £t*2 H, ft Total pipe length, in. T, deg F 
0.654 1.00 199 71 


Experimental: Qex = -(dh/dt)*Arank = -(0.0074 ft/s)*(0.654 ft^2) = 0.00484 ft^3/s 


Theoretical with no losses: Q,, 7» V2*A;, where when h = 0.90 ft 


V2 = (2g*(h + H))40.5 = (2*32.2*(0.9 *1.0))^0.5 = 11.06 ft/s 
and with A, = nD^2/4 = 11*(0.595/12 ft)^2/4 = 0.00193 ft*2 
Qin = 0.00193 ft^2*(11.06 ft/s) = 0.0213 ft^3/s 


Theoretical with major losses: Qi, = V2*A2, where the energy equation gives 


h + H = V3?/2g(1 + fL/D), where again use h = 0.90 ft and f is a function of Re and e/D 
Thus, with h = 0.90 ft, 

1.9 = (V57/64.4)*(1 + £*135/0.595), or 

122.4 = V?*(1 4 227f) 

Re 7 V;D/v 7 V2*(0.595/12 ft/(1.04E-5 ft^2/s) 2 4768* V, 

and 

e/D 20.0005 ft/(0.595/12 ft) = 0.0101 

Trial and error solution: Guess f, solve for V5, calculate Re, obtain new f from Moody chart 
The solution is: f= 0.041, V, = 3.44 ft/s, Re = 16,430 

Q,, = 0.00193 ft*2*(3.44 ft/s) = 0.00664 ft^3/s 


Theoretical with major and minor losses: The energy equation gives 


h+H=(1 +fL/D+2K,)V,"/29 

where ZK, = 0.5 + 10 + 2*0.4 + 4*1.5=17.3 

Thus, with h = 0.9 ft 

1.9 2 (V2^/64.4)*(17.3 * f*135/0.595), or 

122.4 2 V5^*(17.3 + 227f) 

Trial and error solution gives: f 2 0.42, V; 7 2.14 ft/s, Re = 10,200 
Qi, = 0.00193 ft*2*(2:14 ft/s) = 0.00413 ft^3/s 


* As an altemate solution method, use the Colebrook equation (Eq. 8.35) rather than the Moody chart (Fig. 8.20) and 
use a computer root-finding technique to solve the equation. 


(cont) 
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Problem 8.723 
Water Depth, h, vs Time, s 
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8.129 Flow of Water Pumped from a Tank and 
through a Pipe System 


Objective: The rate of flow of water pumped from a tank is a function of the pump prop- 
erties and of the pipe system used. The purpose of this experiment is to use a pump and pipe 
system as shown schematically in Fig, P8.12 Î to investigate the rate at which the water is 
pumped from the tank. 


Equipment: Water tank; centrifugal pump; various lengths of galvanized iron pipe; various 
threaded pipe fittings (valves, elbows, unions, etc.); pipe wrenches; stop watch; thermometer. 


Experimental Procedure: Use the pipe segments and pipe fittings to construct a suit- 
able pipeline through which the tank water may be pumped into a sink. Measure the pipe di- 
ameter, D, and the various pipe lengths and note the various valves and fittings used. Mea- 
sure the elevation difference, H, between the bottom of the tank and the outlet of the pipe. 
Also determine the cross-sectional area of the tank, A, Fill the tank with water and record 
the water temperature, T. With the pipeline valves wide open, measure the water depth, A, in 
the tank as a function of time, t, as water is pumped from the tank. 


Calculations: Calculate the experimentally determined flowrate, Q.,, from the tank as 
Qex = —Atank dh/dt, where the time rate of change of water depth, dh/dt, is obtained from 
the slope of the A versus ¢ graph. 


Graph: Plot the water depth, 4, in the tank as ordinates and time, t, as abscissas. 


Results: For the pipe system used in this experiment, use the energy equation to calcu- 
late the pump head, hp, needed to in order to produce a given flowrate, Q. For these calcu- 
lations include all major and minor losses in the pipe system. Plot the system curve (1.e., 
pump head as ordinates and flowrate as abscissas) based on the results of these calculations. 
On the same graph, plot the pump curve (i.e., h, as a function of Q) as supplied by the pump 
manufacturer. For the pump used this curve is given by 


h, = —2.44 x 10° Q? + 51.0 Q - 12.5 


where Q is in ft?/s and h, 1s in ft. From the intersection of the system curve and the pump 
curve, determine the theoretical flowrate that the pump should provide for the pipe system 
used. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 8.12%: Flowrate of Water Pumped from a Tank and Through a Pipe System 


The pipe is galvanized iron with threaded fittings. 
The system contains: 

one sharp entrance 

eight 90-deg elbows 

two 45-deg elbows 

two globe valves 

one union 


D, in. Atank: ft^2 H,ft X Total pipe length, in. T, deg F 


0.625 0.647 3.50 242 62 
Pump equation System equation 
h, in. ts hp. ft Q, ft^3/s — V, ft/s Re f ha, ft 
25 0 12.50 0.000 0.00 0 2 
24 7.6 12.31 0.001 0.47 2070 0.0309 2.16 
23 16.1 11.63 0.002 0.94 4140 0.0490 2.73 
22 25.2 10.46 0.003 1.41 6210 0.0470 3.62 
21 32.3 8.80 0.004 1.88 8281 0.0450 4.84 
20 40.8 6.66 0.005 2.35 10351 0.0430 6.37 
19 48.9 4.02 0.006 2.81 12421 0.0425 8.27 
18 57.7 0.90 0.007 3.28 14491 0.0420 10.50 
17 65.7 
16 74.9 
15 82.7 
Experimental: 
Qex = -Aang*(dh/dt) where from the graph, dh/dt = -0.1204 in./s 
Thus, 


Qex = -(0.647 ft^2)*(-0.1204/12 ft/s) = 0.00669 ft^3/s 


Theoretical: 
The energy equation gives 


h *h, - h, = H +V?/2g, where 

hi = (fL/D + EK,)*V?/2g = (f*(242 in./0.625 in.) + 0.5 + 8*1.5 + 2*0.4 + 2*10 + 0.08)*V?/2g 
= (387*f + 33.4)*V7/(2*32.2) = (6.01*f + 0.519)*V? 

Thus, with h = 18 in. = 1.5 ft, 

ho =H-h+h, + V/2g = 3.5 - 1.5 + (6.01*f + 0.519)*V" + V7/(64.4) 

or 

h, = 2.0 + ( 6.01*f + 0.535)*V? 

But V = Q/A = Qi(nD*/4) = Q/(n*(0.625/12 ft)^2/4) = 469*Q 

Thus, the system equation is 

h, = 2.0 + ( 6.01*f + 0.535)*(469*Q)? = 2.0 + (1.32E+6*f + 1.18E+5)*Q? 

Also, obtain f from the Moody chart with 

Re = VD/v = V*(0.625/12 ft)/(1.18E-5 ft*2/s) = 4414*V 

e/D 7 0.0005 ft/(0.625/12 ft) = 0.0096 

From the graph, the pump and system equations intersect at Q,, = 0.00571 ft^3/s 
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Water Depth, h, vs Time, t 


= 


"A 
0 4 





€ Experimental 
——e^|inearhvst 


h, in. 


0.1204 


Problem 8./2 9 
Pump Head, hp, vs Flowrate, Q 


SAA ea 
gs sn ee eh b i 
ELI LT EU Tq Lx 
EE LIS LTI- ITI 
LE 3 Ls w 


NI 
Se Se eS ee e — 
SUED eRe So wat —9— Pump curve 
— m -AA iL L4 —#— System curve 


Sw eam Sere 
ted oP ed 
| Ll 


a cde as heehee inl andes 
0.000 0.002 0.004 0006 0.008 


Q, ft^3/s 





8-132 


8.130 Pressure Distribution in the Entrance Region of a Pipe 


Objective: The pressure distribution in the entrance region of a pipe is different than that 
in the fully developed portion of the pipe. The purpose of this experiment is to use an ap- 
paratus, as shown in Fig. P8.13@ to determine the pressure distribution and the head loss in 
the pipe entrance region. 


Equipment: Air supply with flow meter, pipe with static pressure taps, manometer, ruler, 
barometer, thermometer. 


Experimental Procedure: Measure the diameter, D, and length, L, of the pipe and the 
distance, x, from the pipe inlet to the various static pressure taps. Adjust the flowrate, Q, to 
the desired value. Record the manometer readings, A, at the various distances from the pipe 
entrance. Record the barometer reading, Hya, in inches of mercury and the air temperature, 
T, so that the air density can be calculated by use of the perfect gas law. 


Calculations: Determine the average velocity, V = Q/A, in the pipe and the pressure 
P = Ymh at the various locations, x, along the pipe. Here y,, 1s the specific weight of the 
manometer fluid. 


Graph: Plot the pressure, p, within the pipe as ordinates and the axial location, x, as 
abscissas. 


RESULT: Use the graph to determine the entrance length, L., for the pipe. This can be 
done by noting the approximate location at which the pressure distribution becomes linear 
with distance along the pipe (i.e., where dp/dx becomes constant). Use the experimental data 
to determine the friction factor for fully developed flow in this pipe. Also determine the en- 
trance loss coefficient, Klene 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 8.150: Pressure Distribution in the Entrance Region of a Pipe 


D, in. L, in. Q, ft^3/s Ham: in. H9 T, degF 
0.74 50 0.481 29.7 75 
X, in. h, in. p, Ib/ft^2 

0 9.98 51.9 

1 7.21 37.5 

2 6.61 34.4 

4 6.19 32.2 

6 5.82 30.3 

10 5.15 26.8 

15 4.23 22.0 

20 3.64 18.9 

30 2.28 11.9 

40 1.09 5.7 

50 0 0.0 


P = Patm/ RT where 
Patm = YHg"Hatm = 847 Ib/ft^3*(29.7/12 ft) 2 2096 Ib/ft^2 


R 7 1716 ft Ib/slug deg R 
T= 75 + 460 = 535 deg R 
Thus, p = 0.00228 slug/ft^3 
V = Q/A =(0.481 ft^3/s)/(n*(0.74/12 ft)^2/4) = 161 ft/s 
P = YH20"h 
From the graph, the p vs x results are linear after (approximately) x 2 15 in. Thus, L, - 15 in. 
For the fully developed flow portion, dp/dx = -fpV“2/2D and from the graph dp/dx = -0.635 (Ib/ft^2)/in. 
oe f = 0.635 (Ib/ft*2)/in.*2*0.74 in./(0.00228 slugs/ft^3*(161 ft/s)*2) = 0.0159 


From the entrance to the exit of the pipe p,,, = (K, * fL/D)pV^2/2 
Thus, 


Ki = 2Pen/(PV*2) -fL/D= 2*51.9 Ib/ft*2/(0.00228 slugs/ft*3*(161 ft/s)*2) - 0.0159*50in./0.74 in. 
=0.682 


Results: L, = 15 in.; f = 0.0159, and K, = 0.682. 


(con't) 
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8.3] Power Loss in a Coiled Pipe 


Objective: The amount of power, P, dissipated in a pipe depends on the head loss, hy, 
and the flowrate, Q. The purpose of this experiment is to use an apparatus as shown in 
Fig. P8.131 to determine the power loss in a coiled pipe and to determine how the coiling 
of the pipe affects the power loss. 


Equipment: Air supply with a flow meter; flexible pipe that can be used either as a 
straight pipe or formed into a coil; manometer; barometer; thermometer. 


Experimental Procedure: Straighten the pipe and fasten it to the air supply exit. Mea- 
sure the diameter, D, and length, L, of the pipe. Adjust the flowrate, Q, to the desired value 
and determine the manometer reading, h. Repeat the measurements for various flowrates. 
Form the pipe into a coil of diameter d and repeat the flowrate-pressure measurements. Record 
the barometer reading, Hya, in inches of mercury and the air temperature, T, so that the air 
density can be calculated by use of the perfect gas law. 


Calculations: Use the manometer data to determine the pressure drop, Ap = Ymhħ, 
and head loss, h, = Ap/y, as a function of flowrate, Q, for both the straight and coiled 
pipes. Here Ym is the specific weight of the manometer fluid and y is the specific weight of 
the flowing air. Also calculate the power loss, P = yQh,, for both the straight and coiled 
pipes. 


Graph: Plot head loss, h,, as ordinates and flowrate, Q, as abscissas. 


Results: On a log-log graph, plot the power loss, P, as a function of flowrate for both the 
straight and coiled pipes. Determine the best-fit straight lines through the data. 


Data: To proceed, print this page for reference when you work the problem and click here 
to bring up an EXCEL page with the data for this problem. 
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Solution for Problem 8.13]: Power Loss in a Coiled Pipe 


D, in. L.. ft Ham In. Hg  T,degF 
1.44 18 29.9 80 
h, in. Q, ft^3/s Ap, Ib/ft*2 
Straight Pipe Data (d = infinity) 
10 1.19 52.0 
8 1.06 41.6 
6 0.913 3142 
4 0.731 20.8 
2 0.505 10.4 
Coiled Pipe Data (d = 8 in.) 
10 0.835 52.0 
8 0.745 41.6 
6 0.641 31.2 
4 0.517 20.8 
2 0.357 10.4 


AP = YHooh where YH20 = 62.4 Ib/ft^3 


h, = Ap/y where y =gp 


P = Patm/ RT where 


Patm = YHg Hatm = 847 Ib/ft*3*(29.9/12 ft) = 2110 Ib/ft^2 


R = 1716 ft Ib/slug deg R 
T = 80 +460 2540 deg R 


Thus, p = 0.00228 slug/ft*3 and y = 0.0733 Ib/ft*3 


P = (yQh, )ft Ib/s*(1 hp/550 ft Ib/s) 


(comt) 


0-/3] 


709 
568 
426 
284 
142 


709 
568 
426 
284 
142 


0.1125 
0.0802 
0.0518 
0.0276 
0.0095 


0.0789 
0.0563 
0.0364 
0.0196 
0.0068 
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9.2 A thin square is oriented perpendicular to the upstream 
velocity in a uniform flow. The average pressure on the front side 
of the square is 0.7 times the stagnation pressure and the average 


pressure on the back side is a vacuum (i.e., less than the free stream 


pressure) with a magnitude 0.4 times the stagnation pressure. 


Determine the drag coefficient for this square. 


The drog ud be T E ey 
Summing the Oe forces. aei 
= BA-RA 
= O-T($ p V *)A - (-o.-d)($pV*]A 
The. pressure on the rear 1s in Vacuum 
So is negative. 
D-4. [4p A 7 


So, E 
Lp = £V A z 











9.3 A small 15-mm-long fish swims with a 
speed of 20 mm/s. Would a boundary layer type 
flow be developed along the sides of the fish? 
Explain. : 


Re = UL , 0^ with 47 /8x/0 m , Ur 20XxJ0 £ and 
V= IAZKO E (ee, 15.5 °C water) 


| jo32)(15T3m) | | , 
Re= GOAD. SIER =268 This Reynolds mmber is pol 
= : large enough 1o lave irve Dordary 
la er lvoe flow. (Re 1/000 ts often 


assumed fo be the lower limit.) 


44] 


: 94 The average pressure and shear stress acting on the surface 
ef the l-m-square flat plate are as indicated in Fig. P9.4 
Determinethe lift and drag generated. Determine the lift and dag ——— 
if the shear stress is neglectec. Compare these two sets of results. 


Pae = ~1.2 kN/m? 
Tave ^ 5.8 x 10-2 kN/m? 


U 





Tave — 7.6 x 107? kN/m? 


BFIGURE P9.4 


Since (dh uA and ST dA = ie A if follows that 
H= -P A, sint +P A, sina +T À, cos& +7} A cosa 
or wilh 748, 7 Im and &= 75 
i= A, sind (f, -Ø +A cosa (p 


- (In) sin?” (2.3 -(-1. 2)) 4H i +7Z6xI0 
=0.427 kN + 0.133 kN = T 0.560 kN 


Note, if shear stress is neglected L} = 0.427kN (ie, % = % =0) 


2) EE AN 


Also, d - pf cosXx * p, A, cos — GA, sink - % Ay sink 


{s A, cas x (fp, - fi) 7 A, LM. 
— (Im^) cos7'(2.3 - (12) E — hm") sin 7’? (S.8x107+ 25x10 a) kN 
= 3.47 kN — 0.013 kN = = 2 kN 


Note 3 if shear stress is neglected X= 3.47 KN 


Note: If the general expressions od = { p cose dA +(% sino dA 
and X= - (p sinfdp * (7, cos@ dA are use, be careful about 
the SIGNS jnvolved. On the Upper surlace ms as 
ty FAzo 
9,= 97" and fp and 5$, are positive as indicated Sel 
in the figure. On the lower surface @,= 277° 
and. P and Ù, are positive as indicated in the 


y 


lower figure. 
For example, with thes m fw O on the lower surtace. Dm z 
x = -(-12. ar) sn 97 (1n - (2.3 4M cM ) sin 277° (1m*) 6,=277° 
+ (seni? £ NT K) cos 97°(Im*) #(-7.6x10 s A) cas277"(|m*) 
= 3.8 kN , as obtained above. 
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"9. 5. The. pressure diswibution on the 1-m-diameter: circular 
disk in Fig. P9.5 is given in the table. Determine the drag on 





the disk. 
E 
1-2 
J = (pd? - (pdf =( p (2?rdr) - f FD? SINCE dff =27rdr 
2. r= 


Thus, — : os 


= er ( pr d. - “ot BoB à 


* where o SÉ rm 
Evaluate the integral — v Using the folowing integrand: 


E m | 2^ j kN/m © rm) - p (kN/m?) 
O O 


() 4.34 
0.05 0.244 | sI Oo 4.28 
E 1 3 
0.2.0 0.620 n | 0.25 278 
d OTe S 0.30 2:37 
0,30 0.711 | | 0.35 1.89 
0.35 0.662. EE 0.40 141 
0,40 0.569  . | | 0.45 0.74 
O.S 0-333 | 0.50 0.0 
O. 50 0.000 —— —— mee 


Using a ‘standard nandi integration technique with the above 
integrand gives yes. 43 2KM 
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9.4 When you walk through still air at a rate 
of 1 m/s, would yeu expect the character of the 

. air flow around you to be most like that depicted 
in Fig. 9.6a, b. or c? Explain. | 


E ue ; where y= E and U-12, Assume E | p. 
p C2) Um) 
THbo m 





- 685 riot This flow has a large enovgh Reynolds 
number to develop a boundary layer. 
Thus, viscous effects would hot be 
important far from yor body, except 
in the wake region behind you. 


Note: The above conclusion is trve whether we assume L=/m , b=2m, 
L 0.1m, or sume other reasonable characteristic length of 
our body. 

The flow idi be most like het in Fig. £c. q, 6c. 
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9.7. A 0.10 m-diameter circular cylinder moves through air 
with a speed U. The pressure distribution on the cylinder' S 
surface is approximated by the. three straight line segments 
shown in Fig. P9/7 Determine the drag content) on the 
cylinder. Neglect shear forces. 






| : 8, deg 
20 40 66 80 100 120 140 160 180 


BFIGURE P9.7 


d Irae br fpei 


“tl = -brf fp cos do 


Break Up Ihe integration into he ee 


three segments: 
n 0s8270 -/,222. rad where 


de in A. where o-~vrad. 
Le. pi and "n = -6 


2) 70 s p «100 or. 12220 « L75 rad Where 
p 7 8.598 -/6.5 A where O^ rad 
ce. pl = - —6 and E = “Ls 


2/222 0-/. 745 





and 


3) 100 "<p * «/80" or 1763 «B3: Hn rad where 
P =~-hs PA 


Thos, e joo’ : Igo? 


£, = 2 br f pent db " f cas0 dé +) paved] - -2br[L ZL41) 0o 


where 


(con't) 


q-b 


9.7  j(con'!) 


1.222 L222 
l- Ms 2390 *3) cos0 d8 =|-739(cos@ +8 sind) +3 sind| =-0, 791 
gr M 1.745 
15 a (8.540 —/5,5) cos0 do 18. 54(cos0 *0 sinO - - 16.5 sin @| = -0.260 
1222 
and 3.14 ae un 
I= ( C7. 5) cos0 d0 2 -/5 sine| = /,477 
L745 1.745 
Hence, 
Lf = 2 brẸo.741 ~0,260 +1477] = 0,852 br 
or with 
C= dh. 0.852br_ _ _0.#26 
D Fori ~“ 4 i pU?(2br) i oU* 


But the ees al 0-0, the stagnation point, is 3 
Thus, fpU- 3% SO thal 


CG, = SEE < 0,142 





weg 





q.8 Typical values of the Reynolds number for various an- Animal a Speed | — Re — . 
imals moving through air or water are listed below. For which (a) large whale 10 m/s 300, 000,000 
cases is inertia of the fluid important? For which cases do vis- (b) flying duck | 20m/s 300,000 
cous effects dominate? For which cases would the fow be lam- (c) large dragonfly 7 m/s 30,000 
inar; turbulent? Explain.  čć 7 (d) invertebrate larva 1 mm/s 0.3 
: "E "n Matin (e) 1 bacterium oimn: ooi 





Inertia important if Re/ (é.e whale, duck, dragontly) 
Viscous effects dominate if Res! (¢.e larva, bacterivm) 


Boundary layer How becomes turbulent for Ke on the 
order of 10° to 10°(¢.e, whale and perhaps the duck) 
The flow would be laminar tor the dragontly, larva, and 


bacterivm and perhaps the duck 
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9,12 Water flows past a flat plate that is oriented parallel to the flow 
with an upstream velocity of 0.5 m/s. Determine the approximate 
location downstream from the leading edge where the boundary layer 
becomes turbulent. What is the boundary layer thickness at this 
location? 


Keer = ĵx/0° = Uae 





-6 
ES Sx)» 4 x/05 (f. l2 A0 7) Es /. Per. 


UW Q.5 "Vc 
zw] X 1, (2x 107 ON) J 17 
d-5)ZA - jütmno ri Lim 


Q.$ "(6 


= J. 72 X0 7 


9 r5 


q, I - A viscous fluid flows pasta flat plate such 
that the boundary laver thickness at a distance 
1.3 m from the leading edge is 12 mm. Determine 
the boundary layer thickness at distances of 0.20, 
2.0, and 20 m from the leading edge. Assume 
laminar flow. 


For laminar flow & = CYX ; where C is @ constant, 
Thus, 


ó 12xi0"m 
C=. = 


Yx ^ Siam 
| ó, m 


= 0.0105 or =0.0105YX where X~m ~m 


X,m 









O. 2. O.00470| 4470 
2.0 0.0/8 /. 8 
0.0470 470 


20.0 


If the upstream velocity of the flow in 
Problem 9.13 is U = 1.5 m/s, determine the ki- 
nematic viscosity of the fluid. 


| U 
For. laminar Fou d 5 yr v= Yi 


Thus, 
wA e = 


(L5 $ own 


5 (1.3m) 


a 65 X/0 pe 


LR 
S i 
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9.15 . Waterflows past a flat plate with an upstream velocity 
of U — 0.02 m/s. Deterrnine the water velocity a distance of 
10 mm from the plate at distances of x = 1.5 mand x = 15 m ` 
from the leading edge. 


From the Blasivs solution for boundary ih flow on a flat plate, 


u=U fl n, where n, the similarity variable, 
n = Yor Valves of fth) are given in ou 24 


ih | (0. 0221 )(/5m) 


Since Re, = “yp 7 (6 m* = 2.68 xlo?’ JS less than the 


"WP 
cril ical fie, = 5x x/0” "i follis that the boundary layer flow is laminar. 


Él x*L5m and y7 [0x0 ^m we obtain: 
0.02 i Logo 
n7 (on m ae 8) nem) = 
Linear interpolation en Table 4! gives ' 


/ 0.3038 -0,2677) 
f = 0.2677 + (0.3733 02E) (1.091 - 08) 


Hence, 
u, = U fy) ) =(0. 02) (o. 3590) = 0.00718 2 
-3 baie a E 
and y-/0xl0 m we obtain: 


Jn. 
2 QO.0Z-s 
y, 7 (I0xI? ^m) Tri xp m^) (155) 


Similarly , al X," |5m 





= 0,345 


Linear interpolation from Table 31 gives ` 


/ , (0/328 -O0) — 
f= 0.0. + 70.8 O) (0.345 -0,0) = 0,145 


Hence, 
/ | 
U, “U f (h, ) 7(0.02-2-)(0.1145) « O, 002294 & 


9g-/I 








4.16 
3. 16 Approximately how fast can the wind 
. blow past a 0.25-in.-diameter twig if viscous ef- 
fects are to be of importance throughout the en- 
tire flow field (i.e., Re < 1)? Explain. Repeat for 
= a 0.004-in.-diameter hair and a 6-ft-diameter 
: smokestack. 
UD Y f. 
R e =- </ or U < dy if viscous effects are to be important 
m lhrovghov! ihe flow. 
For standard air 2/745 7x/6 * É 
Thos, 
-7 
L5 7X/0 f l , 
es eee , where D ís the diameter in feet, 
object fi 
twig 0| ZS4XJO^ 
hair 
Smokeslack: 2.62x io” 


UE, 


M ecu 


T / 


9.17. As is indicated in Table 9.2, the laminar boundary layer 
results obtained from the momentum integral equation are 
relatively: insensitive to the shape of the assumed velocity: profile, 
Consider the. . profile. given by u=U for. y > 6, and 
u = U{1 — [fy — 8)/d]}”? for y s 8 as shown in Fig. P9, 17. 
Note that this satisfies the conditions u = 0 at y= Qandu = U 
at.y = 6: However, show that such a profile produces meaningless 
results when used with the momentum integral equation. Explain. 





NFIGURE P9.17 


From the momentum in nlegral equation 


ó = 25 3 vhere # y= 9(Y) = =||- (Y- I} aT" E cy 


Mote: b o at Y=0 and Bel and Y=! , 45 required, 
Also, C, = di 21 l-g}dY which can he evaluated for Ihe given g(Y). 


However, 


GH] or Since 4- Al -(Y- I) Je 2)(Y-1)s TS 
E [17 (vy ]* 
Thos, DE 
6,799. which from Egl) gives § = 

This protile cannot be used since it gives £=% due to 
the physically unrealistic ¢ sy -99 at the surface (y =o). 

ee the Figure below, 
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. ofthe displacement thickness, ó*. For air blowing . 
. past the flat plate shown in Fig. P9.19, plot the 


past a flat plate are not exactly parallel to the zs 


EUNT Because of the velocity deficit, U — u, EE | | € "e Sh een 


in the boundary layer, the streamlines for flow 


plate. This deviation can be determined by use 1 mis 





© streamline A-B that passes through the edge of | | | 


_ the boundary layer (y = 6, atx = 0) at point B. 


That is, plot y = y(x) for streamline A-B. As- | FIGURE P9.19 


. sume laminar boundary layer flow. - 


gb (1B) (4m) 
Since Pep y= QU. = 2, 74 x J0? « 5 x J0?. the boundary 


layer tlow remains laminar along the entire plate. Hence, 


46X/0 —- 
ó 7 5 a or prs ere = 0.0382. m 
5 


yX 


The ferat carried by the acival boundary 
layer is by detinstion equal to that carried by 
a uniform vel ocaly with 

by an amount 5°. Since there is no flow 
through the plate or streamline A-8, 


Qa - (o, or U y, em (ás - áo )U 
where $t 721|- 





OE 
or Q m es | 
bn = /,721 tea Elo = 0.0/3/15 m 
(S 
Thus, 


Ya = de - da = 0.0382 m - Q,0/3/5 m = 0. 0251m streamline 
Hence, for any x-location 
sa Q or D» U(y - T] 
F y= ya ae Yq +172) {FX 
meri) xm)" -3 
= 0. S t^72l inen = 0,0251 + 6,58 X/0 ME a 





læ ar 
0035 | —— i B 
0.03 ———————————- 
0.025 - — MEE ee à 
= 0.02 Sa eae ae ee 


2 0.015 Lam ru ne EEEE IERT m em meat, E M E 
0.01 4— — — —1 ——— een 


0.005 ere 
0 

















9.20 Air enters a square duct through a 1-ft 
opening as is shown in Fig. P9.20. Because the 
boundary layer displacement thickness increases _ 
in the direction of flow, itis necessary to increase, - 
the cross-sectional size of the duct if a constant 
U = 2 ft/s velocity is to be maintained outside 
the boundary layer. Plot a graph of the duct size, 
d, as a function of x for 0 < x < 10 ft if U is to 


remain constant. Assume laminar flow. mE | | FIGURE P9.20 





For incompressible flow Qo = Vx) where Qo = flowrate into the duet y 
TE, = UA = (2 EU) =2 F | 


QU) UA, - where A=(d -26") is the effective area of the 
duet (allowing for the decreased flowrate in the 


bovndary layer), 
Thus, 


2 3 
Qo-U(d-24) or d» If!*24 , (1) 
where -Hgp V Iz 
ó - 1,72 HT = /,721 lesen eX = 0,0152 YX f where x fl 
5 


Hence, from £9, 
d= |+0,0304 Vx f1 


For example , d=! t1 atx=0 and d= 1.096 ft at x= Jott, 
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. 9/21 A smooth, flat plate of length 4 — 6 m and width b = 4 m 
is placed in water with an upstream velocity of U = 0.5 m/s. 
Determine the boundary layer thickness and the wall shear stress 
at the center and the trailing edge of the plate. Assume a laminar 
boundary layer. . a | 


x^ dümuc*)x. ay 
U 0.5 A 
and | kg -3 M:S 
34 | | 3e | (909 258) (1.2 X10 7 ^x) 
f =0,332 U LA =0.332 (0.52) Peor oon 


124 
OUT. M where Xm 


~ TX m: 
| -3 
Thus, al X^ 3m. 67 Z*8xl0 3 = 0.0130 m 
do 0.27 = 0.07/6 p 


3 


s= 248x/67 Y6 = 0.0183 m 


while af X =6m 
x 0.124 
ae 





5) 


ida 


9.22 | 


9.22. An atmospheric boundary layer is formed 
when the wind blows over the earth's surface. 
Typically, such velocity profiles can be written as 
a power law: u — ay", where the constants a and 
-n depend on the roughness of the terrain. As is 
indicated in Fig. P9. , typical values are n = 
0.40 for urban areas, n = 0.28 for woodland or. 
suburban areas, and n — 0.16 for flat open coun-- D 
try (Ref. 23). (a) If the velocity is 20 ft/s at the 190p E 
bottom of the sail on your boat (y — 4 ft), what eli LZ Z. 
is the velocity at the top of the mast (y — 30 ft)? TONES CA 
(b) If the average velocity is 10 mph on the tenth FIGURE P9.22 
floor of an urban building, what is the average ee ee se) bee teeta ty GM Nae eae wie. Be. & 
velocity on the sixtieth floor? 


E 300 


a 





(a) U=C yo , where C js a constant 


Thus, u, [y 0.16 0.16 
_1Y, un" ft [30ft\ _ 1 
ü = 2) or Uz 7 20 S 25) id 4 


(b) u^€ y , where Č is a constant 


Thus, (la. Yo 0.40 0.4 
| Ll» E 60] 





9.24 A30- -story office building (each story is 12 ft tall) is 
| built i In a suburban industrial park. Plot the dynamic pressure, — 


^ pu 2/2, as a function of elevation if the wind blows at hurricane 
strength(75 mph)at the top of the building. Use.the atmospheric 
boundary layer information of Problem 9.2.2 


From Fig. P9.22 the boundary layer velocity profile is given by 





"7 "n or U=C y where C is a constant. 
0.28 
Thvs, u =(+} U,= 75 mph CER )= - Jo tt 
l 

or. y 0.28 
u = 10(aé5) ft where y~ ft 
Hence, 08 

4 ou*= = $(2.38X/0 ees f 
or ; ^ 
£e In as] Hj where yott 








This is plolled in the figure below. 


A a tl A ERR i A I mI a 


400 - 
350 4 


300 ! 


y, ft 


100 -— 
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9.25 Show hat for any fenction f f(«s) the velocity 
components 4 and v determined by Eqs. 9.12 and 9.13 satisfy 
the incompressible continuity equation, Eq. 9.8. 


Given U= U fin) , y = -(-- 2i f fan - füp) 
where Ti Ga) y and ( y= 


— thot 24 AX Cty =O for any »i 


M df an ay Uty -4 
=U 5x ^ ax where 3x 7 aie X 
" y% 
u f^ 
au au af y Vy = E E Ee ii 
xs 2 x* y 


Eea Pii a y -3 m] 
* AI nt De yl 
- (2 [v A , — 


a c fcu DA E d 
a) P (s) = UE 73 (2) 


By combining Egs. (1) and (2) we see that 
2. F =0 for any function FCH). 
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9. a6* Integrate the Blasius equation (Eq. 9.14) 
numerically to determine the boundary layer pro- 
file for laminar flow past a flat plate. Compare 
your results with those of Table 9.1. 


Solve the following third order differenti equation by a 
numerical integration technique: 


2f"+ff"<0 with boundary conditions | 
[-P-0 d y-0 and f—1 as 9-9 — (CYe E) 
Write this third order equation as 3 frst arder equations and use 
a Runga- kutia numeri cal technique lo integrate them. Thus, /e} 
yet, yates aM, yn t's =% , and y,= fs tH y 
That js: s. 


Y= Ve 
y= Ye and 
^ x ys 


These can be qoproxima led as mS 

AY = 47, Awe hay , d As 7 CX«072)4p 

Start with y, 2,20 al 9*0. Assume y, =C alh=0 (where Cis 
some given constant) and “integrate to N=" by y; = yw Zoya 


If Volo) # / lie, f oo) #/) adjust the valve of C (és. Fto) and 
ity again. Tho dw point bondary valve problem (4:2. {a= bta=0 
and. [19)74) k soled b y Heralion a& an inital valve problem 
(ze, ft) «f 19-0, fo) « C). 


A step size of ah =0.01 was Used, with O «7^ T. Thaf is, 700 
«leas were Leed. A valve of C= 0.332 was tomd toqrye fo) <I, 
or actually f'r7)-/.. This valve of C and the corresponding 
velocrfy pretile , =f %n), shovn on the next page agree very 
weil with thestandard valves gen nm Table Gl. 


(cop T) 





Q-2.0 


9.2.6 


(con't) 


eta 
0.5000 
1.0000 
1.5000 
2.0000 
2.5000 
3.0000 
3.5000 
4.0000 
4.. 5000 
5.0000 
§.5000 
6.0000 
6.5001 
7.0001 


+4 


+6 


+4 
+5 


f 


,07E-02 
PL 
T35 
,UTE-O01 
*9. 
T]. 
FL 
Eaa 
t2, 
*3. 
+3, 
+4, 
» 78E+00 
.28E+00 


65 E-01 
68E-01 


93E-01 
39E+00 
8 3E4+00 


30£+00 


79E+00 
28E+00 
78E*00 
28E*00 


+1 


+7 


+9 


+9 
ti 


€t 
Ls 


.66E-01 
+3. 
dhes 
TÉ. 
soe Os 
+8. 
T9 
T9. 
.80E-01 
T9 
+9, 
.99E-01 
.Q0E+00 
tia 


36E-01 
87E-01 
30E-01 


4&7E-01 
14E-01 
56E-01 
92E-01 
97E-01 


OOE+00 


+3 


+3 
+2 
+2 
t1 
+1 
+6 
t3 
*1 
+6 
+3 
+7 
+2 


c3 


MJLIESO: 
+3. 
.03E-01 
.67E-01 
.17E-01 
.61E-03 
.07E-01 
.38E-02 


236-01 


»3@E-02 


. 96E-02 


e &1E-03 


,32E-03. 
.36E-04 
, 065E- 04 
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2.27 


9,27 An airplane flies at a speed of 400 mph at an altitude 
of 10,000 ft. If the boundary layers on the wing surfaces be- 
have as those on a flat plate, estimate the extent of laminar 
boundary layer fiow along the wing. Assume a transitional 
Reynolds number of Re,,, = 5 X 10°. If the airplane maintains 
its 400-mph speed but descends to sea level elevation, will the 
portion of the wing covered by a laminar boundary layer 
increase or decrease compared with its value at 10,000 ft? 
Explain. 


Al 10,000 ft: 





| — -U žer ih 5280 ft\ = | fi 
i Rer = V 3 where U= voonph (sse) ms I 


4. 03534X0 FÈ 
and from Table c.l, Y= e" 756 x10 ^ slog 


j^ AZ 
: = 2.01x/0 
; 5 
Hence, with Key. = 5X, , 
y Res, (2.01xI6 " 2 ) (5105) 


AL m o——— = a a OOL f 
E U 587 ft 947 t 


At sea- level: 
(b) Re, = U Xer nem U - 400 mph (iar hr 3L.) Szoom 587H uo 


Y 3 6005 mi 
and Y-7/457xl0* 4r 
uk 2 
V Ree (157 x]0 + )(5x10° ) 
Xep = Tp S 587 É = 0. 2 H4 ft 


The laminar boundary layer OCCUPIES the first 9.1344 of the 
wing at sea level and (from part (a) above) the lirst 0.171 fl 


al an altitude of 10,000 ft. This is dve mainly to the lower density 
(larger kinematic. viscosity). The dynamic viscosities are approximately 
the same. 2 


euren 


Merge 
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9.29 A laminar boundary layer velocity profile is approxi- 
mated by u/U = [2 — (y/8)|(y/8) for y = 6, and u = U for 
y > ô. (a) Show that this profile satisfies the appropriate bound- 
ary conditions. (b) Use the momentum integral equation to de- 
termine the boundary layer thickness, 6 = 6(x), 


(a) $-2930)- 2Y-Y' wfere Y - y/d 
Thus, $i a E 9 = 2-/=] or u-Vaty-d 


y=0 
qs i} must. 
Als, $4 = 0[ 2-2] so Fr a We -#1- 20 


at 
(b) From the momentvm integral eguatim, 


d= Ao px , Where C, * - ((I-g)4 and Ca = Z| 


pe 
Thus, 
C, (G1- Y*)(J-2¥+¥*)A¥ = - (ar - -sY'ey?-Y*4Y 
gleReler e 
and 
= (2-27| =2 
so that P 


PET _ | 30vx 
é= E 7g ~ y 
Hence, with Ke, = Ux ; 


§ _ Yy30 , 4&4 
X ^ We, TRe 
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9 30 


9.30 A laminar boundary layer velocity pro- 
file is approximated by the two straight-line seg- 
ments indicated in Fig. P9.30 Use the momen- 
tum integral equation to determine the boundary 
a thickness, ô = d(x), and wall shear stress, 
t, — t,(x). Compare these results with those in 
Table 9.2. 


I 
| 
I 
f 
I 
I 
| 
I 
i 
I 
f 
f 





0 2U U 
iet. 3 
" _ FIGURE P9. 50 
From the momentum integral equation 
med 
aC, VX 
6-6 j where C, -(g(1-g)dY and = 4 (1) 
O y =0 


and 
i- «g(Y) with yer 


For 0s Y<5 , g= a +b,Y with the constants a, and & obtained trom 
g=H at Jud and 4-0 dl Y=0, Thus, a= =O b= FS 


or g=3Y Y for 0<Y<+4 
Hence, C, = $ | (2) 
Similarly, for ZsY«sl , 4274,*bY wil) q7 $ al Y=z and 

g = j af Y=] 
Thvs, 
& =a, +b, and |*44*b, which give 4^ 3$, b= = 

T Pur for #<Yel y 
Hence, = fall 3)dY - faro #Y)dY fee $3)0-4-2Y3)4Y 


i (oredr 4 (rani Y)4y which upon integra- 
A ~ fion gives 
C, = 0.1574 (3) 
By combining Eqs. (1) (2) andl® we obtain 


4 tye 
á = 28 wi] - 412} - or A Rex? -42 


Also, 
Ae a. oy ip = 126.02 _ V2 (0.1574) (F) _ 0.648 
Ww ó 2 T 36 f yR Cy Re, ET» 


Compare these results lo lhose in Table 4.2. 
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9. 31^ For a fluid of specific gravity SG = 0.86 
fiowing past a flat plate with an upstream velocity 
of U = 5m/s, the wall shear stress on a flat plate 
was determined to be as indicated in the table 
below. Use the momentum integral equation to 
determine the boundary layer momentum thick- 
ness, 9 = Q(x). Assume O = 0 at the leading 
edge, x = 0. 


Since (ly 7 pU ^de il follows that d@= Ti dx 
which can be integrated 1o give (using ®=0 at x=0) 





x . 
0 -—L ol 
| E" ST " (o.e6X000 &,) (5 )* ( dx 
or B x 
@= 465x/0 (ty dx ; where € m, xm, and Wea (| 
O 


For O<X< 2.0m, integrate Eq. (1) to elelermine asa fonction 
ofx. Todo so , we need the valve of f at X=0, which is not given 
in the table. Theoretically, %=% at the leading. For ovr purposes, 
based on the extrapolated curve below, assume {y= 2273 at X=0 


25 . x (m) | a (N/m?) 
0 AA 
zi 0.2 13.4 
0.4 9.25 
19 0.6 7.68 
0.8. | .. 6.51 
10 1.0 5.89 
1.2 6.57: 
: 1.4 6.75. 
1.6 6.23 
0 1.8 5.92 


2.0 | 5.26 





A standard numerical integration technique gives the following results 


0.0008 1 
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9.35 Water flows over two flat plates with the same laminar free- 
stream velocity. Both plates have the same width, but Plate #2 
is twice as long as Plate #1. What is the relationship between 
the drag force for these two plates? 


opr Larr? j-—f ——>| 
J= C zeU A vO [Palen 127 
Thus, a ae 
| Plet? |M 
« = Cy zpU "b | Plate 


R— — 2l Ht 


». = Co, zoV “(2 hav) Ur 


h Coz (2bur) _ 5 Coz 
o, C, ] Cj, 


(1) 
For laminar flow on a flat P 
G= L28, where Re E, so thal G = 2282 
^) Rs, , Where So "d; 
Thus, 
Coa — (1.32897 Laza J 
p (- Yvon lC 2 7 yz (2) 


Hence, trom Egs. (1) and ( 2) 


(D, 
—À / - f, / 
" 2/Tz * LT 
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9, 36 
9.36. Fluid flows past a flat plate with à déug force 9. if the. 
rer or smaller than 9; and- by what amoast? ——— 





P=Cyt pU A 
Tf you assume thar the doubling of U, which will 
Change fe, Jees NOt significans change Cò (see Fig. 9,22), 


+he 
] "p . Co FpU A 2 T 
Jz Co opus A UV 
| ox Ns ES 
(uy ^ olg 
/ 


D, c 


T Re 


pl ale normal to flow 


Were U5 -2U, 
So 


Note: | 


If the plate is parallel 1 
the Flow, ther C, changes —P —— > 
with Re, See Fig. 7,22. plate parallel +o flow 


Thus. B 
D, =< Cy U Cy ^X 
7A gpa 2. 


so that a numerical answer 
could not be obtained without Re 
additional data abovt the valve 


of Re. 
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9.37 LM is placed in an ait flow with a. à given vélocity aad 


Dw = fe. where pw 77 pa 
EET 











Te should be nord that sace fie - ua matcha 
yy and vz Would be difheult. There Hore, depending 
an Shape and velocity, the Co values may nof actually 
he the same. mem his difference would be small 


Compared £o Jhe JeAsiry diflerence. 
Note: At standard conditions 


a -Ww 34 sl A H> p 
Cy  2.39xiŭ ? slugs / He ~ 9/5 
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9.38 The drag coeficient for a newly designed: hybrid ‘ear: is 
predicted to be 0. 21. The cross-seettorial area of the car i$ 30 f£". 
Detetmine the aerodynamic drag on the car when it is driven 
through still aif at 55 mph. 








D = Co 29 V A 

uU = T5nph x BEE 32.7 "15 
B= o.aj (2) (0.00738 rius) (80.7%) (OR z) 
D = VES gb 


aes a 


9-2. 
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LF (1 equilibrium ,at Cuttoat yelocit y, ther " 
W- ®© 
Ca = fpv^A 
- _200N 
LAS Ts 
Os 7A 47 





Derren ere an m nan 


The "-—- deny was asto) to solve 


this problem. — daring the drop ; 
P will be Cha but the Changes 
are relatively M" id Ml. 


Q-3p 


9,40 A 50-miph wind blows against an out- 
door movie screen that is 70 ft wide and 20 ft tall. 
Estimate the wind force on the screen. 


o 7 Cz pU “A, where from Fig. 9.22. 





th 
t des = P =2.5 we obtain Cr = 11S 
Hence, 
ij F3 mi (5280, it) 
2- a X( 0.00238 * co Lom n 


° B= 10,300 Ib 
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9.41 The aerodynamic drag on a car depends on the “shape” of 
the car. For example, the car shown in Fig. P9.4] has a drag 
coefficient of 0.36 with the windows and roof closed. With the 
windows and roof open, the drag coefficient increases to 0.45. 
With the windows and roof open, at what speed is the amount 
of power needed to overcome aerodynamic drag the same as it 
is at 65 mph with the windows and roof closed? Assume the 
frontal area remains the same. Recall that power is force times 
velocity. 





Windows and roof | Windows open; roof 
closed: Cp = 0.35 open: C, = 0.45 


& FIGURE P9.41 


Power = P= FeV 
The force is the drag force. Le1( ) and ( } denote closed and OPEN, 


D= apU "A 
We. want to fad W whea P = P 

P, =U Do = EPU IA. Cos =R "U D: = p EA O 
The Fronted areas ave ihe Same, So Ao =Ae 

U Cos = Ue Coe 

te te SP Ces) ( 85) 


Uo =60.3 mph 
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9.42 A rider on.a.bike with the combined mass of 100 kg on i, 
a terminal Spas à of i5 nis ona - es i E Assit v mt th jé 





tad O = by =O.12 


OQ - 6.29? 
sin 9.19 





v eowlibriun, SE=O 





£ Fx 20 

Wsm @ = PY) =C 2p UA, where Wem = (100 by) (f $/ ^7) 
_ Wsu = 781N 
E Tpu A 


- (981W) (2.11 9) 


* Haase Oc) 
E a4 
Look Ot Fig. 7. 30, DU A amd Ca , he rider 
IS u— 
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D= O EUA 


ih I mob x BA 7 139 3 04 
[fe -YD . (i723 f€) ( ££ f+ 
y "I -209x/of 


-STOI AR 
Fron Fig. 7. 25. Gad assuming CX emooth Sphere, 


Cn z Q. o 
B -0.5 (Eoso 44) (1323 )" (FEES) 


3-205026 


(MB gri i erc e. atii A RA 
reece o dd 
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For power, PakV 
F= =C rp VA 
For the aspect Cafio, D* 2v amd fzdm 
Fron Fg. T. 
$= zy, So Q42"039. 
P-« oos (2) (91999) (128)* F Gal) 
D= 91, FIN 
P= QU = (al34IN) (1%) = 85,900 W 
= 95.4 kW 





Note: The above by =0.8S assumes that the log T 
eseni a//y submerged Gnd wave makin 7 /^s gn) 
an important contrib vjion to the drag. 


9-35 


OO 


I 


[au] | e a aa 


9.45 A sphere of diameter D and density p, falls at a steady : 
rate through a liquid of density p and viscosity ze. If the Rey- ` 
nolds number, Re = pDU/jy, is less than 1, show that the vis- 
cosity can be determined from x = gD*(p, — p)/18 U. 





For steady flow Z: f; =O 
or 


ol} + Fo =W j where 7 = buoyant torce = eg Y 7 es(£)n(2) 
W = weight = 9 V - ag (&)r(2.) 
and of} = drag 6 ze zb. or since he! 
8 = 37 DUA 
Thos, 
smb eg(t)n(2) = @.9(#)7(2) 
which can be rearranged to give 


2-2 D^ (.-9) 
|. 18V 
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9.445 The square flat piste shown in Fig. P9.N6ais cut into | 

_ four equal-sized prices and arranged as shown in Fig. P9.HGb - y 
Determine the ratio of the drag on the original plate [case (a) 
to the drag on the plates in the configuration shown in (b). 
Assume laminar boundary flow. Explain your answer physi- | 
cally. 








BFIGURHE po. c 
For case (a): 


b= PU GA where Cop = Ee no ee 1 A= f? 


Th = s i 
US, | 
A =E w d 2” = 0.664 oU g” À (I) 





For case (b): 


=z PU Cy A where Cp, = TE and A= (Ae =F 


Thus, 


d = zeU Tero - z (0.66402 W L® ) (2) 


By comparing Eps. (I) and (2) we see that 
dp 2. o Lp, 


In case ( " the boundary layer on the rear plate is thicker than on 
the front plate. Hence the shear stress is less on the reap plate than 
it is on that plate in configuration (a), giving less drag for case (b) 
than for case (a), even thovgh the lola] areas are the same. 





O 


O 


9.47 


9.47 If the drag on one side of a flat plate 

' parallel to the upstream flow is $ when the up- 
stream velocity is U, what will the drag be when 
the upstream velocity is 2U; or U/2? Assume 
laminar flow. — s 


— For laminar flow P — = eV Cy A, oe big /,328 

hos, TRE 
— - L32 m" VW 27 34 
d= ZU E = 0.664 Pe U 2 [7s 


iT 





Hence, 
of, 2; 
U d 
Day (uper 0265 
and. 5 | 
Dy U = 0.354 of, 


— or 
don ( g)” vo. 
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9,49 Water flows past a triangular flat plate oriented paral- 
lel to the free stream as shown in Fig. P9.M9 Integrate the wall 
shear stress over the plate to determine the friction drag on one 


side of the plate. Assume laminar boundary layer flow. Uz02 mís 
NE 


1.0m 





—— 


E FIGURE P39.98 y 


D= (Ta dA where Ty = 0.332 0% [PF 


Thos, 
Os 9.3320 fou [T A, y =0.5-X 
- 03327. a of be T 





O 
Ww 
à) 
N 
CP 
in | 
N 
"D 
B | 
A 
SS 
"t 


9,5 
3 | f ^ 
- 0.332 U * ou ns m ix *| 
O 
v : 7 
= 0.66#(0,2 2°99 48 (a tis D Vox - 2 (05^ ] 
or 
x = 0. 0294 M 
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9.50 A rectangular car-top carrier of 1.6-ft 

height, 5.0-ft length (front to back), and 4.2-ft 
width is attached to the top of a car. Estimate U-60mph - 88 1 

the additional power required to drive the car — ————* 

with the carrier at 60 mph through still air com- H 
pared with the power required to driving.only the | PIE 4t 
car at 60 mph. ' pw 


D= C, ZoUA and “P= Ud] = power (D) 
From Fig.73! wit {= ia = 3.13 we obtain GO) =13 
Hence, 


D - 1.3(4) (0.00238 M88 )(n6 HY n0 8 E) 7 80.5 Ib 


Thus, from Eg, e), | 
> i | J| hp z 
7? -/88 £* ){ 90.5 ib) B50 HB 129 Ap | 


A 6fi 


q-70 













9.5] As shown in Video V9.2 and Fig. P9. Sla a kayak 
is a relatively streamlined object. As a first approximation 
in calculating the drag on a kayak, assume that the kayak 
acts as if it were a smooth flat plate 17 ft long and 2 ft wide. 
Determine the drag as a function of speed and compare your 
results with the raeasured values given in Fig. P9:5/6 Com- 
ment on reasons why the two sets of values may differ. 


For a flat plate = zev C, A oe, 
A= 174 (2ft)= 34H" and Cop isa function of Re, - 4 Y 


1740 |... = 6 
Rey = ano = #010 U 


Consider / «Us g f , or 140X{0 f< Reg </,/2x10" 
From Fig. 9.15 we see that in this Rey range the boundary layer 
flow is inthe transitionat ange Thos, from Table 7,3 
Cp, = 0, 455 / (log Rey) - 1700/Reg : 
By M Eas. (1), (2) and (3): 
4 (1.94 SE TC, y GP) or 


= 33.00 fo uss / ( log j /,40x/0 67) =i " (7. 4*0X/0 ^7) 
The results from this equation are plotted below. 


0.0986 

0,410 
0.909 
1,58 
2.42 
3.43 
4. .5q 
5,90 


theory 
(Eg, (9) 


Eg FIGURE P9..51(b) 


Kayak speed U, ft/s 


V, fits | ð, lb 





(2) 


(3) 


(4) 


Oo 


(^Y 
le Er. 


9.52 | | : | sx x um A | 
:9.52 -A 38.1-mm-diameter, 60.024 5- N table tennis ball is re- | 
leased from the bottom of a swimming pool. With what velocity 
does it rise to the surface? Assume it has reached its terminal | 
velocity. | 
| 


. AU dia. D=38am 
- shale rise z B= 


- Wo where Q= = drag =O, +U Eo 
W = weight = 0.0245N | 


water 
/ e 





s 3 

F, = buoyant force - & Y » v4) 
Thus, 
oY = WG keu got 


(480x184) #2 (8L = 0.0245N + ZO, (44 54. $ JU Ro 038Im)' 


or 
2 
QU 29455, where U S (1) 
.UD p 
Also, Re = 57 
yd U (0.0381 m) | u 
T PANE 4. V dte y xs du. 
Re = iizxw mh 7 3.40 x10 U , where U <= (2) 
Finally, Írom Fig. 221: à ~x- | (3) 


Trial and error solution: Assume i obtain UV from Fg (1), Re from 
Eq.(2); check Cp from E» (3), the graph -~ 

Assume C, =0.5 — U = 0.954-2 — Re = 3.24x)0'—* CG, = 0.4 #05 

Assume Cpy=0.4 — Us» 1.06 A —» Re = 3,62x/0'— Cy = 0.4 (checks) 

Thus, Y= 106 2 


Note + Becavse of the graph (Fig.9.21.) the answers are not 
accurate to three signiticant figures. 
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753 


9.953. To reduce aerodynamic drag on a 
bicycle, it is proposed that the cross-sectional 
shape of the handlebar tubes be made “tear- 
drop” shape rather than circular. Make a rough 
estimate of the reduction in aerodynamic drag 
for a bike with this type of handlebars compared 
with the standard handlebars. List all 


assumpticns. 
For a standard racing bike f= ©, C, eU A, "M trom Fig. 7.33 
Thos, 417 A715 pU* | E ,7 088 , «3.9 f]* 


For the modified bike assume Lp, = o. d Y j here (1) 


dt = drag from standard circular cross section handle bars 


M = drag from tear-drop shaped handle bars. 
That is, 

ob), = Cp 3 + eV Ay and df = Cy, 2 £pgU A, where Ihe handle bars 
are py fo be Ifi long and lin. in diameter. (ze Aj i f1^) 
Typical Cp valves are Cp, 7 | (F79.9.23) and Cy, = 2 = 0.12 (Fig. 9.21) 


Thus, Eq () gives = 11600 *- HEU (i) or (1)pv* (s) 
= (J. 716 - 0.0367) 0U* 
or 


CG, ~ — A716 eU - (L7H6- 0. 0367)0U~ — À 


2 
i; 1716 CU 


4e, aredeclion in drag of 
qppreximalely Z percent 


143 


9.57 


9.54 A hot air balloon roughly spherical in 
shape has a volume of 70,000 ft? and a weight of 
. $001b (including passengers, basket, balloon fab- 
ric. etc.). If the outside air temperature is 80 °F 
and the temperature within the balloon is 165 °F, 
estimate the rate at which it will rise under steady 
state conditions if the atmospheric pressure is 14.7 


psi. 


For steady rise Sif =O, or F EWER 
where 


| sU =drag =C teU ED 
F = bvoyant force = SY 
W= total weight = 500 1b +, ¥ mE 
| -L = (147 à (12 Be)” Ls slugs 
Mow E RT (175 5g) (4603 80)"R GNA at fi“ 


Ma pg = (0.00229 58) (32.2. ff) = 0.0736 D. 





an d - ib in. ey: 
dis" zs j ra NUT = 0. 06 56 jj 
| UV d Note: “ines the balloon is 
- | aT open at the bottom, the- 
Thus , Wi ih Y - 7g. BF (2) | pressure within the’ balloon 
"op D= Stel ft we obtain LN the same as it is 
outside. 


i= Cyt (0.00229)U F (51.1 y 
= 2.36 C, U^ lb, where U^ f 
Also, | | 
M7 soos +(0,0636 a) (70000 ^) = 4952 /5 
7) 
Fa 7 (0.0734 £) (70 000 ff?) = 5/52 lb Thus, kp =Wt gives 


AES bunt + 2.066, U^ o. GU 849.7 o) 
so, Ke = | 
or Sil FFU 5 

SS ne LZ = 3,2 ; 


and from ‘Fig. £23 o) A et | | (3) 


= Re | 

Trial and error solution: Assume Cy: obtain U from £g. (), Re from £g (2); 
check Cy from E9.€3), the graph, 

Assume Cy = 0,5 —» [J= 13.0 dt —- Re -44,23 xJo* —- C = O.24F 0,5 


Assume Cy =0.24—-+ U =18,8 2 —» Re = 6.11 x10°—» G, =0.30# 0.24 
Assume C,» 0.30-* U-/6,8 € — Re =5.46 x10°-* 6, = 0,30 (checks) 
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9.55 It is often assumed that “sharp objects 


can cut through the air better than blunt ones.” i iy i : 
Based on this assumption, the drag on the object s ut 
shown in Fig. P9,S5' should be less when the wind f 


blows from right to left than when it blows from 
left to right. Experiments show that the opposite FIGURE P9.55 
is true. Explain. 


A signiticant portion of the drag on an object can be from 
the relaiively low pressure developed in the wake region behind the 
object. By making the object streamlined lce, flow from left to 
right, not right to lef in the above figure) boundary layer separation 
is avoided and a relatively thin wake with low dra rs obtained. 
Whether the front of the object's Sharp" or “blunt” does not altect 
the contribution to the drag from the front part of the body —at 
least not as much a the width of the wake affects the drag. 


G-45 





9,56 | 


*9,56 The device shown in Fig. P9.56 is to be designed to measure oe a 

the wall shear stress as air flows over the smooth surface with an = SS SRSA \ an TREN | Fa 
upstream velocity U. It is proposed that 7„ can be obtained by T 
measuring the bending moment, M, at the base [point (1)] of the 
support that holds the small surface element which is free from 
contact with the surrounding surface. Plot a graph of M as a 
function of U for 5 € U x 50 m/s, with € — 2, 3, 4, and 5 m. 





GFIGURE P9.56 


Stace the length of the measuring. surface is much less than ifs 
distance from the leading edge (:e., Smm<<h) we can assume that 
the shear stress is essentially constant on that surface. 2.4 
-— M= GAH r —. 

C y= (sxo my (10/93) 1; -2, 5910 Te Nm H no ‘i 

Mm (E iol ' 

The flow will bé laminar or: lorbulent ficis 
whether Rey<5x/0° op Rey>Sx/0° , where Key= DE gnd varur E. 


S/nee Re; us = Gem. = 6.84 xI fhe flow is always turbulent. 


A Iso, SINCE 


aM 


Repa EEEE- par! il falus fron Table $3 that * 


0.370x_ _ 0.3704 ys 


| -aTr V 
ty 0:0225 pU Ay where &= Pu Ogg 
That i's, 


kae o4 -— cde 
Ty 7 0.0225 34 Gosar] = 0,0225 p yy ^ ” (0.370) © 
or 


Ty = 0.0225 (1.2349) % Oy wens 2 PE * (0.370) # 
= 3.83 X/0 aye p-s K, where U~& and io 


| m> j 
Thos, from Eg, (i) j 
M =(2. syj6 7) (4.3¥x102) U oo = $957 xj" ene 


The values of M are calculated and plotted for 5#Uss0 2 | 
with l= 2, 3, 4. and 5 m. 


(con't) 
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(con't) 


9.56 


N.m 
+1,.314E-08 
*4.576E-08 
*T9.459kE-08 
+1.594E-07 
#2.381E-07 
*3.306E-07 
+4,363E-07 
+5.549E-07 
+@.859E-07 
+8 .292E-07 


4.00 m 
M, 


U, m/s 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
40.00 
45.00 
50.00 


For 8 


M. N.m 

510E-08 
T5.257E-08 
*21.091E-07 
+1.830E-07 
+2.735E~-07 
*3.798E-07 
+5.012E-07 
+6.374E-07 
+7.879E-07 
+9,525E-07 


2.00 m 
+L. 


m/s 

5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 
&Q.00 
45.00 
50.00 


For % 
U, 


M, N.m 
*1.257E-08 
*th.376E-08 
*9.080E-08 

52654 E-07 
+2.277E-07 
+3.162E-07 
+h ,.173E-07 
+5.307E-07 
+6.560E~-07 
+7.930E-07 


5.00 m 
+1. 


m/s 

5.00 
10.00 
15.00 
20.00 
25.00 
30.00 
35.00 


For ĝ 
U, 


m 
M, N.m 
*t1.392E-08 
*t4.857E-08 
+1,006E-07 
+1.688E-07 
+2.522E-07 
+3.502E-07 
*4.622E-07 
+5.878E-07 
+7 .266E-07 
+8.783E-07 


3.00 


m/s 
5.00 
10.00 
15.00 
20.00 
25.00 
30.00 


For Q 
U, 
35.00 


40.00 
45.00 
50.00 


45.00 
50.00 


40.00 


o 0 
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as: 


9.57 A 12-mm-diameter cable is strung be- 
tween a series of poles that are 50 m apart. De- 
termine the horizontal force this cabie puts on 
each pole if the wind velocity is 30 m/s. | 


| D=/2mm A 
Fr = force on one pole =D Jra IL 
where PET ZU 4A — on eror |  — 
Since Re = ZF = solena amus tiles ts Tee 


E s 


33 K 2 p | 
p^ 0. . lence, fp” o. (4) («23 54, (508) (50m)(0.012m)= 133 y 
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13% 


: um (6 Xx 10-5 m) diameter fall through the air. 


9.59 . Howfast dosmall water droplets of 0.06- 


under stafidard sea-level conditions? Assume the 
drops do not evaporate. Repeat the problem for 


standard coriditions at 5000-m altitude. _ dig. =D =6%X) o*n 





For steady conditions, Ot | | ie 


where if Re =F <I | 
= drag = 370A Also, W= iene w $a(2) = weight 
and Ee lin FP(R) = buoyant fore 
= : mA / E can a E bay force. 
ST DU = & o sz gy OF "EE y | (D 
At sea level " - 4789 X/0? us so tha} 
_ (280x10 as) Exi 9m) 
- I8 (1780x105 E) 


(i. ini g?2 (Exit êm) 
Mole that Res Tuo cm m = ELS 


= J Jox” 


z 4,52 x18 ««| so Ihe use of | 
the low he drag equation is valid. 


At an vas of 5000m , y =4628x10? LS and from Egl) 


_ 80x0? Tr (6 xlo" m). 


-7 M 
- = /,20x/10 “z 
18 (1,62ex10% Ms) L————À 
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3,51 


9.59 Astrong wind can blow a golf ball off the tee by pivoting it 
about point 1 as shown in Fig. P9.59. Determine the wind speed v 
necessary to do this. 


Radius = 0.845 in. 


Weight = 0.0992 Ib 





" FIGURE Po.53 
When the ball is about to be blown 
rom ihe lee ihe free body diagram 


is as shown, fence, by — moments 








about C1): — 
GM 20, or WL = Br 
Thos, | : 
(0.0992 6) (0.20/n.) =o (0.82! mn.) 
or NW 
VE 0.02421 | where A Oto rr Tb da d 
Ths, ; _ 
poo ND 
or t 
Cy U“ =/305, dn yo | |. (0) 
For a sphere" rm =C; (Re) (see Fig, 3.18) where (2) 


Re* 022. = (eoezsa sins / BU (eco 260 


3,42xld ^ (Ib -s/ ff^) 
or 


Re - 944 U, where U- (3) 
Trial and error solvtion: 

Assume Cy =0.% so that trom Eg. M), U=5 at and 

from E900, Re = 966 (571) = 6.52 xio. Thus. from 

Fig.9.18, C= 0.25 #0. 40 T 


Assume C, s 0.22 So that Y= 77. o£ ee Ke = 7.4% xo" 
Thus, From Fig. 9.18, Cp = 0.22 Checks 


Hence Ux 720 








s golf ball (ie. with dimples) 
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9,60 A 22 in. by 34 in. speed limit sign is supported on 
a 3-in. wide, 5-ft-long pole. Estimate the bending moment 
in the pole at ground level when a 30-mph wind blows 
against the sign. (See Video V9, D List any assumptions 
used in your calculations. 






For eqval rhrium : SM, =O or 
My = 2.54 de, 1 (5 t 4Z)fl dA, where 
d 7 drag On the pole and = = drag ON the SQN 
Fron Fig. 9,28 with MD <0,! for the Sqn, 

Op, - /, 1 Dt 

From Fig. 9./9 if the past acts as a Sovare. c 
with sharp corners p =2.2 Thus, wilh U= 30mph = eT ff. 


BAHT O, Aa = $ (000238 HE (EPOD (PABP) e226 
and 


| dp af 07 Cy, Ay = + (0,002.38 a) m7 (2. (a Z (5) 4 j- 5.34 4 
o Thus, from Eq.(2* i 
My = 2.5 ff (6.3416) (s n (22. 7l) = /62 162 filh 2 84 





an es enata a mm tonsmem jm ne so Senn rn ngenns sme ae m eaten ndis metn 


2551 





9.6 Pecans the moment needed at the base of 20-m-tall, 4— D 
. 0.12-m- itncter "E poleto keep it in place in a 20 m/s wind. | | | 
- J mE | U 


| — b iw 
| | Me 
| Fer equilibrium y M= £ «7 where | l ' 
- 7G $9U^ 4D vi 
| Since Ro = JUD. (20% )(o. 12m) 


Ux jo 9 n? 
that Ca - 2 


Thus, = 1.2 ($)(123 2 (208) (20m )(0. /2m) = 708 
Hence, " Eq. 0) 
M = 27" (708) 2 2080 Wp, 





Bee te Jeo ee a oe Pe um s 
Y 
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=/67 x/o> ; it follows from Fig. 221 


(1) | 3 


. 1 . 
Maa t t nemen s A eme roe mo i Pit a 





coment, 


TPT ete sede ee 


5 


©% Repeat Problem 9.6} if a 2-m by 2.5-m flagis attached 
to the top of the pole. See Fig. 9.30 for drag coefficient data 





for flags, o, 
a 

E É sy. th 

For. egvilibrium, M == Li, +(f 7 z) a) 
where £: =2om, = =2.5 m, and D, E us | Mo | 
From the dde to Problem 248 ; f= 7,080 Mm (2) 
- . 
D, - C, d pU*LD, , where tom Fig. 9:30 with <2 = 25 = 125° 
ae Cy = 0.08. 

Thus, 
Lh, = 0.08 (4) (23 4)(20%)" (2.5m)(2m) = 78.4 N (3) 


By combining Eqs. (D, (2), and (3) we obtain 
M= 7,080 Nm +(20m—/m) (98.4 NV) =. 8,950 V-m 
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9,64 


. 9.6 How much more power is required to 
peddle a bicvcle at 15 mph into a 20-mph head- 
wind than at 15 mph through still air? Assume a 
frontal area of 3.9 ft^ and a E coefficient of 





Cy = 0.88. 
P = power = Goi and =C, 4eU A , where = eg (0 ot f the -— 
: = 45 PU 98i - 
and U= wind speed relative lo bike. 2 
Thus, a 
foo, Hi 2 sus^rsor2) -o,0898 U^ 159 — Ww 
P (ez 2 f£ (o.eg)(À osos SU )U (S9 f^) - ae 
sat 
a) With a 20 mph head wind , y= (/5 +20) 2 a) ois 
Thus, 
ne = 0.0898 ( 613) = 236 14 $148 C 
7 
b) With still air , U=15 mph= 22 d 
Thus, i 
R= 0.0898 (22) =#35 +f wee 
Hence, need an additional power of i R= (236 - -43.5) 3 (ace a) 
0.350Àp 
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7.65 


9.65- Estimate the wind velocity necessary to 
knock over a 10-Ib garbage can that is 3 ft tall 
and 2 ft in diameter. List your assumptions. 


Lf the can is about to tip around 
corner O, then 1/470, or 45i) 7| W 


y 

Or | 5 y Zev ‘A = W A typical valve of C, far a cylinder 
is Cp / (see Fig, 9.21) 

Thos, 


(1.5 #(1)(¢) (0.00238 SEH) 0" (244)(34) = l0ft-b, where U- $ 
or U- 30.6 ff 


(A 
MÀ 











q - 55 


warara | ierre 


9.66 | 


9.66 Onaday without any wind, your car consumes x gal- 

lons of gasoline when you drive at a constant speed, U, from 
point A to point 2 and back to point A. Assume that you repeat UT su X 
the journey, driving at the same speed, on another day when en pem e o ed epe 
there is a steady wind blowing from B to A. Would you expect DM UNT NOD REY 

x gallons for this windy round-trip? Support your answer with "axe v NER SNC 


appropriate analysis. 






n Trip with Pe ey a power iost die qerodynamiè drag wii vee tpe 








C Pede oa rah 


b uhr : x 










net 
s 
.i 
j 
2 
? 
i 
$ 
a 
i 
3 
s 
2 
è 
2 
| 
à 
z 
k 
i : : . ] : 2 i ` i : $ 
Met utens eter asso ee E TE E EE E E EATE EE A ETTA TE ETE ONERE EEE 
i 3 i 2 
£7... [/ i i. i : ae 
2 i i 
I EEE i 
E 
i Ub 
* *27 : 
(———————————————— M! : 
=? 
t 
t 
=i 1 
3 
wane a we 
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2,67 | 


9,67 The structure shown in Fig. P9.67 consists of three 
cylindrical support posts to which an ellipsical flat-plate sign is 
attached. Estimate the drag on the structure when a SO0-mph wind 
blows against it. 





NFIGURE P9.67 


| he the campos te body | 
(1) | aE by x. TU To A tO, A, * Cyh slag S 


| um if ws assume the sign fs an ellipse, 


AF g Z Joft)(s ff) = 32.3 fl^ and the projected a areas of the qum, 
A= ‘asHUst)= goo ft? 
Ay = 0.8 ff OSH) = 12.01? and 
Ap= IOSH) SASAS : 
From Fig. 9,20. fo ath disc C, Cy Ett o | 
-For the cylindrical pat, oblajn C, from Fig. 9. 5: as? ; (qr «son at 


| S ost) 
Re.:« UPa UD | Bi = gs C. z 
* y LS7xO* A pur Dz "- 


Similarly, | , 
Ke, Fue —»65,,7 05 
Rog =47K10° —* Gy, = O25 


4 Thes, from Fg): 
| | b=: 2- (0. 00238 a ) (73 at puer aff) 1 0. m g. sos f asset 
^3 328 | 


d 
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359.G3  Asshown in Video ¥9,ISand Fig. P9.69, the aerody-. : ique] du d 
namic drag on a truck can be reduced by the use of appropri- . P. d cda c 
ate air deflectors. A reduction in drag coefficient from 
Cp = 0.96 to Cp = 0.70 corresponds to a reduction of how 
many horsepoer needed at a highway speed of 65 mph? 








E 
^ 


b — width = 10 ft h 





(b) Cp = 0.96 


8 FIGURE P9.68 


i Dz power z SU where 

fT = + e U C, A 

< Th VS, AP = reduction in power 

- " 7 x f, 

- = 2 PU"AlCy, -Cyq] 

© With U= 85 mph = 95-3405, 

| Af - Z (000238 p: (95.38) (101124) | 0.96 - 0.70] 


= 32,100 fb as = 58.4 hp 
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9.67 As shown in Video V9,7 and Fig. P9,67 a vertical 
. wind tunnel can be used for skydiving practice. Estimate the 
. vertical wind speed needed if a 150-lb person is to be able to 
-= “float” motionless when the person (a) curls up as in a crouch- 
ing position or (b) lies flat. See Fig. 9.30 for appropriate drag 
. coefficient data. 






. For equilibrium conditions ipei 
B b= C EA E FIGURE P9.69 


Assume W = 460 ib and C, A= q #* (see Fig. 7.30) 
_ Thos, 


ns (4)(e 00238124) (942) where U~ E 


{ mi 
V- (/22 oigo po3-) 2 83.2 mph 


Mote: If the skydiver ‘Corled up into a ball", then Gh 2.54 
(see Fig. 7.30) and U- /58 mph 
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9,70 The helium-filled balloon shown in Fig. 
P9,70- is to be used as a wind speed indicator. The 
specific weight of the helium is y = 0.011 lb/ft, ee ee ea 
the Weight of the balloon material is 0.20 lb, and |. . FIGURE P9.70. 
the weight of the anchoring cable is negligitle. | 
Płot a graph of 8 as a function of U for 1 <s U <s 
50 mph. Would this be an effective device over 
the range of U indicated? Explain. 


2-ft diameter 











For the ballon to remain stationary 
2: ky=O and Zh =0 i 

T hus, d) - T rosÓ or [rece 
" Ig =WtT sin +, 


which combine to give = tension in cable 


Fo Wt tanO + Wye : (1) 
Bul W021 , i «ggqV «(7 bs xy” t) zu fJ » o.320tlb 


3 
and Wy, = V = (o.01 A) FL (Sf) = 0.046) Ib 
Thus, Eg. (i) becomes 
0.32075 =0.2 lb + tan +0046) Ib 


or 2- 
Lf tan@=0.0743 1b Also, ð =O, eU XD 
= G, U^(0.00238 a )E cast 
2 0.00374 CQ, U* lb, where U^ fi 





Hence, » | 
0.00324 C, U^ lap 8 = 0.0743 or tanO= at (2) 
i 
(2 ft) U 
Also, Re = E? “Teruo tm oF he =/,27x/07 U (3) 


and from Fig. 9.21 : 
E eis | (4) 


e 
] hus, select yariovs | mph < Us SOpyh lie. nu7 t < Ue 73.3 ft ) and vse 
Egs. (2),(3),(¥) 1o obtain ©. Plotted results are shown below. — 


(con't) 
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2.70" |(coni) 


U; mph 
0 
1 
2 
5 
10 
15 
20 
25 
30 
40 
50 


theta, deg 50 j 


Re 
0 
12700 
25400 
63500 
127000 
190500 
254000 
317500 
381000 
508000 
635000 


40 +- 





CD O, deg 
= 90 
0.40 87.52 
0.42 79.71 
0.54 34.42 
0.55 9.55 
0.33 7.10 
0.10 13.02 
0.08 10.48 
0.09 6.52 
0.12 2.76 
0.16 1.32 


Note :Becavse of the sudden 
change in Cj when the 
boundary layer becomes 
turbulent (at about 15 mph), 
the O ys U curve is highly. 
non-linear. Intact, for some 
valves of Ə there is more than 
ONG possible valve of UD. Tt 
would not work well as a wnd 
speed indicator in this range. 


q -6i 
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9.71 A 0.30-m-diameter cork ball (SG = 0.21) is tied to an 
object on the bottom of a river as is shown in Fig. P9.61. 
Estimate the speed of the river current. Neglect the "E of 
the cable and the drag on it. 





i 30° 


F X P9.71 


For the ball to remain stationary 
ZR=0 and ZF, =0 
Thos, of? = 7 cos p ap 4€ ms dia. D = 0.30m 


and. 
Fa 7 W*T sip 30 


Hence, Is =Wt & tan 30° where Fr = egV -(2 80 As (A ( one a) 


2 





nl = 0.138.5 kN 
T &. 
W-EXY -Cz)wY-GoOF 

Thus, = 0,2) (0./385 kW) 
0.1385 4N= 0.0291 kN to? tan ZO" 70.029] kN 
or 

ol} = 0.189 a where df = C, $eU A =6 p D (Gm; 3 (F (oam) 
Hence - 3s. 3C, U^ v where yng 
35.36,U°=/89 or C U*=5.3 —— d 
| UD, (C3 UU _ 5 " 
dr Pe y = Li2xio 5m = 2,68 XI U h 
from Fig, 7.21 4 a (à 


Re 


Trial and error solution for U: Assume Cy; calculate U tram Eq. 
and Re fron Eg. (2); check G, from Eq.(3), the graph. 


Assume C, 0.5 — U- 3.27 7. — fle - B.74x10 6,048405. 
Assume C,-0.15 — U= 8.27 '. — Re = 60x10 —> C, = 0.20 +0.15 
Assume C, 20,49 — Ux 5.3] f. .— Rez 4.442 x Jo* — C5 7 O./9 (checks) 


z m 
Thus, U= 85.315- 
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1.72 









i “10. -mm diameter 


imiong 
9,72 A shortwave radio antenna is con- (2) 
structed from circular tubing, as is illustrated in 
Fig. P9.#4. Estimate the wind force on the an- pec ia, 0.5m. 
: f : -MM dameter s 
tenna in a 100 km/hr wind. L5mlog | 
-0) M(3) 
| 40-mm diameter 
5 m long 


FIGURE P9.73, 


O = AD, + oly tell, 
"pU [C A* &, A *G, A] 


where |J» joo. (Em omy lh) =278% 


| Oblain Cp, from Fig. 9.23 for the given Re; = D» 
Thus (2788 )(0.04m) _ ae 
1 Re, = ETTTTID 7.62 xio” Op, = Ai 
(27.8 Z) (o0o2m) | oop, . 
Rea” ixi a = 3,8/x/0 C," 4 
and 
(228 €) (0. oim) 
a PIE ma 


Tux = zz = 
J, 446 x10. cg = 1,90 x10 pu Op, = ht Cp, = Cs 
so that | | 


O= 423 59,) (276%) ( (a mYX 0.04) * (L5m)( 0.02m) V In 0.0lm)\ 
Or ' 1$ 


= 180 N 
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9.73 The large, newly planted tree shown in Fig, P9.73 is kept 
from tipping over in a wind by use of a rope as shown. It is assumed 
that the sandy soil cannot support any moment about the center of 


the soil ball, point A. Estimate the tension in the rope if the wind 
is 80 km/hr. See Fig. 9.30 for drag coefficient data. 


TE IA 


teva 9 Tf 





os Scale drawing 
a FIGURE P9.73 


2; Ma =0 where the moments are due fo the drag , D) and 

IE the tension m ihe rope, T. 

Thus, | 

£u -hR[, where from the tigre £ x (242.5 40.5) my = 5.0m 
and b= X -2J2m 





Hence, 


ye 44 . EPIS where from the bes A=¥(smy 


T 


Thus wiih D= (00 (2: km) 222.20 
and C, 57 0.26 (see In 2.21) we oblain 


5.0. 
aire E3 (EE 2222 Nsm (0. 26) = 3650 N = 3.65kN 
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9.74 Estimate the wind force on your hand 
when you hold it out of your car window while 
driving 55 mph. Repeat your calculations if you 
were to hold your hand out of the window of an 
airplane flying 550 mph. 


= C,Z0eU' A ; where U - (ss mp4 (-88 8. = 80.7 Ë 


Assume your hand is f. by bin. in size and acts like 
a thin disc with Cy l.l (see Fig. 9.29), 
Thus, | 
D - 0.1) (2)(0o00236) (807 Y ( ERE H) - 12 Ib 
Tf yor hand is normal to the the lift force is zero, 
For U=550mph = 907% (; e, a 10 fdd increase inU) the 
drag will increase by a factor of 100 (¢.e, G~U E. or of = 142.1 


Note: We have assumed that C) is nei a tonction " D, Thai is, 


it is not a function of either Re = D or Ma = 
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4.76 


.9.76 A 2-mm-diameter meteor of specific 
gravity 2.9 has a speed of 6 km/s at an altitude 
of 50,000 ma where the air density is 1.03 x 107? 
kg/m*. If the drag coefficient at this large Mach 
number condition is 1.5, determine the deceler- 
ation of the meteor. 


: 2 ko, am ([ 2X/003 mV 
= ma where m- eY -eg a (2) - Gm um ma 
2424x/07 ka 
Also D =C keV A i i sie 

= 15 (£)(1.03 X15, )(6x1P BYE (2x10 m) = 8,74x10 N 


oD | 74 xia ^N 
m 


m 
OM = 72208 
Laxo Ekg T 1420 ss 


3-66 


| 9.77 | 


D — 0.1 m Rough sphere 
dD = 1.25 x 1072 





9.77 Air flows past two equal sized spheres (one rough, one 7 It 








smooth) that are attached to the arm of a balance ass indicated “Cree (a= A s ) 
in Fig. P9.2Z With U — 0 the beam is balanced. What is the (n (2) 
minimum air velocity for which the balance arm will rotate L es | 

| 0.3m 0.5 m 
clockwise? mE | 


fe 


FIGURE P9.77 
For clockwise rotation to start, 25 M, <0 


That is 0305 20.5, , where L=C, 20U A, and 


2 
" Lh, = Cp, 20 Va Ae 
US 
' Q.3 C, EPUA, = 0.5 Gy, =P U2 A, , or since Y=Y and A,=Az 
this gives : / 
Cp, = 0-6 Cp, | E 0) 
Consider the curves in Fig. 9-25 wilh f -O and & - 425xl07 
C | 
Ge ” &ehzsxI0^ — Thial and error solution to tind 
Y, Re so that £9.U) is satistied. 
r^ $ 0 P 
Coz 
Re 
Assume Re = 6x10" —~ C5, 0.5 , 65,7 O96 or = = 0.92 40.6 
| D, 
Assume Re = 8x10* —= ©, =0.8, Cp, = 9-21 or a =O.42 #0.6 
D; 


Assume Re=7xl0 Co, = 05, G, = 0-33 op Pa =0.66 %06 


Dj 
2 _ UD _ (Olm) V z j 
T hws, Re zZIXO = VE cm 16x10 E or Y= 10.4 S 
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7.71 


9.78 A 2-in.-diameter sphere weighing 0.14 1b is suspended by 
the jet of air shown in Pig. P9.78 and Video V3.2. The drag 
coefficient for the sphere is 0.5, Determine the reading on the 
pressure gage if friction and gravity effects can be neglected for 
the flow between the pressure gage and the nozzle exit. 





Pressure 


Area = 0.6 ft? 
gage 





For equilibrium, Z =W or 
Co +V, A=W, where A -207 
Thvs 


Vo. = “la TUS a] 


8 (0.4/5) P 
aie 0, 5 (0. 00238 Sg) ( 2 xg Mid 


Also, jJ? 
VA, VA or V= Vy h (ont) 23H, = $2.08 


and " E: 

p *xoM =, +20 where fa=0 

Thus, N à 
f= lA J= 4 (oorase S88 Jot 2) -(52. o£ | 


4 
= 9.65 ffa 


i ; 
ael 


9,79 
9.79 The United Nations Building in New York is approx- 
imately §7.5-m wide and 154-m tall. (a) Determine the drag on 
this building if the drag coefficient is 1.3 and the wind speed 1s 
a uniform 20 m/s. (b) Repeat your calculations if the velocity 


profile against the building 1s a typical profile for an urban area 


(see Problem 9.22) and the wind speed halfway up the building 
is 20 m/s. 


@ DG, ieUA- utilia 23 $B )(202 Y (154m 82S) 


or 
JB 43 xIo N - 431 MN 











r [54m 
(b) A an urban area, U-C yo J 
Thos, with U= 20 at y- 2-77» T 
we oblain 
= OF = 252 5 OF Uu -3.52 y^ Er. u$, y~ m 
The total dra is y= Ist | 
of = (d -(G ieu dA- £96 ((s52 y^^Y (825) dy 
| =O 
154 
D= z (123)(1.3)(3. d— - gez -)05») = 4/7 x10" N 
Thus, 
oD - 417 MN 
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9.§O A regulation football is 6.78 in. in diameter and 
weighs 0.91 Ib. If its drag coefficient is Cp = 0.2, determine 
its deceleration if it has a speed of 20 ft/s at the top of its 
trajectory. 


Tj = | ! ~W _ 2h Ib 
ð= ma , where m Gg 32.2 F 


and 
D- C i eU A - 0.2 (2:)(0.00238 S45) (20 HPE) = 0,0234lb 


AS 
Thus, 
-2 . 0.02386 - ogy ft 


em ee we = 


m 0.0283 shos a 


= 0.028 3 slugs 





1 A——————— 


9-70. 


pyser enst Ñ m tde Madada ute tm tnm mte te e Aa Ph A y 


0 a MÀ MÀ 


T 


annm mm 


Vos tenendas msan dis 


OO 


^ 
C; 


9.2] An airplane tows a banner that is b — 
0.8 m tall and 6 — 25 m long at a speed of 150 
km/hr. If the drag coefficient based on the area 
. bois C5 - 0.06, estimate the power required to 
tow the banner. Compare the drag force on the 
banner with that on a rigid flat plate of the same 
size. Which has the larger drag force and why? 


P = ZU, where = Cy & eU ^A - b2. 


Thus , will Cy = 0.06 and V= -( 5o &m (4 50s Jf im )z 74 





this gives 
DP = (0.06) (4). 23 §9,)(4,7-2) (0.8mY(25m) 2 5 3.5 xU. W 7253.5 kW 


For a rigid flal plale 
P -4U-2020U?bÀ (the factor of two is needed because the 


drag coefficient is based on the drag on one 
n side of the plate) 
With Re = Yb = rm Emo = 7./4x10? we obtain from 
Fig, 9/5 a valve of C,= 0.0025 top a smooth plate. 
Thus, 


P = 2(0.0025) (x) )(.23 8) (4,74. (o.8Bm(2-5m) * 4 44x/0 Ww 7 494 AW 


For the tlat plate case the drag is relatively small because (d is 
due ent rely fo shear (viscws) forces. Dve to the “flotering’ of the 
banner, a good portion of its drag (and hence power) is a result of 
pressure forces . If is pel as streamlined as a rigid tat plate. 
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e 80 rpm 
9.23 The paint stirrer shown in Fig, P9,@3 consists of two ; 
circular disks attached to the end of a thin rod that rotates at 80 g in 
rpm. The specific gravity of the paint is. $G = 1.1 and | 
its viscosity is p = 2 X 10 ? Ib: s/f. Estimate the power 
required to drive the mixer if the induced motion of the liquid ! 
rr " 
FIGURE P9. 23 


is neglected. 
Tf we neglect the effects of the shaft and red and consider 
the paint io be stationary , then 


M=24R ; where = torque to rotate shaft 
and = drag on one disk = GC, teU A 


Al.so, [/ - wh and P = power to rotate shat} = Mw 





Thus, 

P=20R wv = 26,20(wRY EPR w 

or 

P-EG pa^ R'D  - CPU D^ where 0 756 Pme o 
Wilh Re ee UD oe Seo UD 

= CYP . OOo 
where _ 3 
: 5*4 

U - wA : (8o ESL (2528) ( 4E r0 ( 9776 - f) — 531 

wg have Í E 

Po = UII E03 É) (EM) oa 

2x10 "Ei 
For a circvlar disk , Oœ = 11 if Re >10? (see Fig. 9.29) 
while Gp = M if Re«l Csee Table 9.9) (2) 


For this particular problem /< fe=/0.5 </07 
Note’ If the low Reynolds number result (Eg, (2) 1s valid yp fo Ke=/0.5, 





then C, = 299 = og C C5 720.47 Re 
D' [9.5 5 »| X P 
To be on lhe conservalive side (Z2, maximm power) UN D 
USE the larger Cy m C, - 494 Fram Eg. (1) Bo te 


oli 10 10^ 10? fh 
P =F (199) (1.094 735 1 33 E Y'( t Y 


Or 
P - (oo 20 £7lb)( zza) = 7,78 x10 hp 
S ae 
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| 2.25 
| 9. 85 -A fishnet consists of 0.10-in.-diameter O.10- Ind ia. cylinder 
strings tied into squares 4 in. per side. Estimate | 


the force needed to tow a 15 ft by 30 ft section An) : / 
of this net through seawater at 5 ft/s. | 7 Yin. PAN y 
e AAS. 
MN: 22 ANN 
The net can be treated as one long | 
^ p = . Ah | | | | | | 
0.10 ~in.-cliameter circolar cylinder wi pO 
E | 
o/ = C, ZOU A, where U=SE | Each | ff” section of the net 


contains 6 feet of siting (donot cont the edges twice). Thus, the 
total string length is approximately L =(6 #.)( /5 f1)(30fl) 2 2700 fl 
: i slvgs | IT. py 
Also, since @=1.99 S and v7 24 xJo7$ £L. (see Table L5) 
Re = UD 


Y 
"c fisy 0.12 : 
= CS ft) - 33/0. Hence, from Frg. 7-21 faf Gy L| 
/.26x i9 SE 












Thus, 
Js 0nd). s )(5 #)°( 92 A) (2700F1) = 616 Ib 
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9.26 As indicated in Fig. P9.36G, the orientation of leaves on a 
tree is a function of the wind speed, with the tree becoming 
"more streamlined" as the wind increases. The resulting drag | 
coefficient for the tree (based on the frontal area of the tree, HW) E E 
as a function of Reynolds number (based on the leaf length, L) NEN ] SUMUS 
is approximated as shown. Consider a tree with leaves of length u $8 

L = 0.3 ft. What wind speed will produce a drag on the tree that 
is 6 times greater than the drag on the wee in a 15 ft/s wind? 





0 n gere ——— n.a ehe 
10,000 100,000 1,000,000 
Re z plU/L/u 
BFIGURE P9.96 


= C,tpU A and Re- e 


" | 
of) = G, 2 (0.00238) U HW = 0.00113 HWG UŽ d) 
and 5 i 
. 0.002308% U(0.38) -— » 
Re E — 3o4xI0 "Ib s/f1? a 1909 U . where U Hs (2) 


Thus, with U =/5 fs, Re = 1909 (i5)= 28,400 so that from Fig. P9.84 
C=O so 

f= 0.0019 HW (0.48) (15) = 0.123 HW 

For the drag 6 time as great , c7 - 65. * 6(0.123 HW) « 0.738 IW — (s) 
Thus, from Eqs. (1) and GJ 
: EM HW= 0.0013 HW G 

| T U*- 62 


Trial and error solition: 


Assume C, 20.3 so that from Eq. (+) U= Tu 245,5 f and from Eq, (2) 


Re =/909 (45.5) = 86,900, Thus, trom Fig. P9.84, Cy=0.33 +0.3, the 
assumed yalve, 
Try again. Assume Oy = 0,33 + U= #3, fih — Re =82,900— C, = 0,36 +0.33 


Thy 6,2034— U = 746 fis — Ke * 72 300 — 65 2 0, 34 


(+) 


Thus, U= #15 ft/s 
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g. 87 | 948? Theblimp shown in Fig. P9.3? is used at various athletic 
events. It is 128 ft long and has a maximum diameter of 33 ft. 
Hf its drag coefficient (based on the frontal area) is 0.060, 
estimate the power required to propel it (a) at its 35-mph 
cruising speed, or (b) at its maximum 55-mph speed. 





MFIGURE P9. 37 


P= DU where JEG zeUA 
Thus, with ae oe 
i= 0.060 (3) (0 002.36 i 2 338 
= 0.0éill U^ lb where U~ ft/s 
(a) Thus with U= 3s i. (SEE) = $1,3 fils, 
7 a0. 0611 (51.3) ^» I6] bo 
| so that | 
P= HU = /611b (5i. al coe) - 15.0 hp 


(b) Similarly, with Y =55 mph= 60.7 ft/s, 


=0.0611 (90.7) = 398 |b 
so that 
P= BU = 398 [5 (80.7 § b des) - 584b 
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9.3% Show that for level flight at a given speed, 
the power required to overcome aerodynamic 
drag decreases as the altitude increases, Assume 
that the drag coefficient remains constant. This ts 
one reason why airlines fly at high altitudes. 


For Jevel fight £=W, where W=airplane weight = constant 
and xL=GxeU A 
If U is te remain constant, then G, must increase as e decreases 
(i.e, altitude increases). 


Also, P= 0oV, where 2-7C, Z0U A 


or 
2-6 ioU A + For constant U C5 and A the power decreases 
as altitude increases ( p decreases), 


? - 76 


7. 34 


9.89 (See Fluids in the News article “Dimpled baseball bats,” Section 
9.3.3.) How fast must a 3.5-in.-diameter, dimpled baseball bat move 
theough the air in order to take advantage of drag reduction produced 


by. the dimples on the bat. Although there are differences, assume the 


bat (a cylinder) acts the same as a golf ball in terms of how the dimples 
affect the transition from a laminar to a turbulent boundary layer, 


From Fig. 9.25, for a goffball the dimples reduce drag for Re= 2a x. xit" 
Thus, assume Re = 44X Jo* for the bat so that 


Qe = 4X/0 


or 
-S1UQ.s 3.5 
(0.00238 HE) U (FZ ft) cin 
(3.24 10 a) 


Thys 


2 


U= 27.6 
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9.90 (See Fluids in the News article "At 10,240 mpg it doesn't cost 
much to ‘fill 'er up," Section 9.3.3.) (a) Determine the power it 
takes to overcome aerodynamic drag on a small (6 ft? cross section), 
streamlined (Cp = 0.12) vehicle traveling 15 mph. (b) Compare the . 
power calculated in part (a) with that for a large (36ft" cross- 
sectional area), nonstreamlined (Cp = 0.48) SUV traveling 65 


mph on the interstate, 


P = power - UV where t= Cyt eU'A 
so that 
P= zeU 
/ f 
(a) P= 0,12 (¢)(o.00238 <4) E pogut J| (6 fi?) 
= 4 ft-lb Ilh = 
ae cn qi) = 0.0166 hp 


3600 s/hr 


EJ fib | hp B 
pu (3 F416 /s ) = 32.4 hp 


3 
(b) P= 0.40( £)(o.o02a8 PE us Bt )( S20 7%) | (36 A) 
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9.92 A rectangular wing with an aspect ratio of 6 is to generate 
1000 1b of lift when it flies at a speed of 200 ft/s. Determine the 
length of the wing if its lift coefficient is 1.0. 


As pect rato, = UA = | | [le 


= oc for rectangular = C 
M 


The life ew 15 given bY, 
BVA 
= Cy pU "A where Azb6C=6C* 
ee. zp U "(Gc*) 
1000 Ub = 1. 01E) (0.00038 $77) (200 % )* (6c) 
Gct=A].O 
C= /.87 ft 
b=ble) 6(L.27fFE 
be /i.a Ft 





G-77 


3.34 | 


9.95 


9:74 A Piper Cub airplane has i a gross S Weie of 1750 1b. à 
cruising speed of 115 mph, and a wingareaof 179 ft^. Determine 
. the lift coefficient of this airplane for these conditions. 


For eguilibrium xX = MS unn /& , where XC pU A 
Thus, with U «(115 mph) E DEL = /69 Ht 


C -Š = a ISON - 0.28 
^ ZzeU'A z 0.00238578: (149 £ Y (170 fj7) a 





4.95 A light aircraft with a wing area of 200 ft? and a weight 
of 2000 Ib has a lift coefficient of 0.40 and a drag coefficient 
of 0.05. Determine the power required to maintain level flight. 


- equilibrium | 17 W» 2000/5 7 C, 2eU A 
"2000 [b = (0. 40) 4 (0.00238 2 ug SH) U (200ff^) 
Hence, 


y= 458 
Also, P = power = ff U. where 
EU ZoU "f =(0.05)+(0.00238 SHE) (ms HY ( 20off)- 250 /h 
Note: This valve of «P could be obtained from 


L= X fe - O40 _ _ We. 20c0k ~250/6 
ĉo oos “2O, OF o - 9 8 k 
Thus, 2 T 
ff T p.\ = 
p= 25016 (1454 = 3.63 x/0 she) 65.9 hp 
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9.96 As shown in Video V9.19 and Fig. P9.96, a spoiler is used 
on race cars to produce a negative lift, thereby giving a better 
active force. The lift coefficient for the airfoil shown is C, = 1.1, 
and the coefficient of friction between the wheels and the pavement 
is 0.6. At a speed of 208 mph, by how much would use of the 
spoiler increase the maximum &active force that could be generated 
between the wheels and ground? Assume the air speed past the 
spoiler equals the car speed and that the airfoil acts directly over 
the drive wheels. 


b = spoiler length = 4 ft 
Spoiler , 1.5 ft 





MFIGURE PY.96 


Tractive force Er h-Z “LN, | | iw — 


where p= coelticient friction =O. 6 5o Y JA ME 
Thus, N N 


AL = fi aN, JI where Ab ss the 

increase in tractive force due to the (. downward? Itt 

Hence, with U- 200 mph= 293 Hye 

x = gU 6 A = 4(0,00238 ME) GE) 7 I) (H8) 6) 67 


and. 
A Fo = 0.6 (674 l= 405 [b hb 


Q-$| 


9.07. The wings of old airplanes are often swengthened by 
the use of wires that provided cross-bracing as shown in 
Fig. P9:97. Ifthe drag coefficient forthe wings was 0.020 (based 
on the planform area), determine the ratio of the drag from the 
wire bracing to that from the wings. 





Speed: 70 mph 

Wing area: 148 ft* 

Wire: length = 160 ft 
diameter = 0.05 in. 


i FIGURE P7? 
2. 
oe 
ah. =z0U C wire A ss SO that 


ol, Ch. tno Aur; 5 
wire — ~Owire “wire M" p 
S where Ading == /48 ff F Chwin” 0.02 


Crying Cp wing A wing 
Also, Ayip = 20 = (1608) (2:38 ft) = 0.667 H” 





and since 88É oos 
Re = YR (zomph)| Erza BEN) = 2720 
LU 152 x 107* f£ - ' 


From Fig. 9,21, with Re -2720 We obtain C, =/,0 


Hence, 

o ire ( 1,0) (0. 667 {1 ) 

Pen = toop (af ©0225 , or 22.5% 
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.9.9¥ <A wing generates a lift £ when moving 
through sea-levei air with a velocity U. How fast 
must the wing move through the air at an altitude 
of 10,000 m with the same lift coefficient if it is 
to generate the same lift? 


a = G +UA so wilh X , G, and A constant 
( eU io leye! FLUR in 


+ 


Hence, ü asig v 
_ | Siea level i =| 23 as U 
10000m e “Sea level 0. 4/4 9, | “seq level 
109,000 m ars 
or 
Uomo = 172 Wea level 


iuh Eee UR UR 
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| © aA yo) ul 
9.9/9 Air blows over the flat-bottomed, two-dimensional object 0 0 0 

shown in Fig. P9.91. The shape of the object, y = y(x), and the 25 3.72 0.971 

fluid speed along the surface, u = u(x), are given in the table. 5.0 5 30 122 

Determine the lift coefficient for this ob ject, 7.5 6.48 | 1273 

D | 10 7.43 1.271 

20 9.92 1.276 

| 30 11.14 1.295 

: E 40 . 11.49 1.307 

If viscous effects are negligible, then 20 1045 1.308 

( | 60 9.11 1.195 

a = f fp cosedi — f fo cos6d/A a) 70 6.46 1.065 

lower ypper 80 3.62 0.945 

where from the Bernolli equation z ~ Bs 


100 0 0.807 
t1 pu^ - p, doy" u—— C ou 
The effect of atmospheric pressure, fo, 
drops ovl when the integration oer 
the entire surface is performed, 


Wilh 0=9 on the lower surface and 
with £osO dÀ - cos O (f ds) - f dx, 
where b= wing span, Egsht) and (2) give 





dx 
a = [Tr tře (U^ u*)| f dx - (Ia « *Ze(U- u^)| 4dx 
lower yoper 
or, since a 4 on the lower surface. 
fa zee fo W)dkx = zeU ff i] dx” j where X= (2) 


Thus, since 
Pd 


C, = j fe] 7 deve if — from £e (3) that 


s (f (5j -i]de v 


"uoc e FIGURE pa. q: 


ISSSSSSSSSSNS SWS EEE 
| | 


uo LI 





By using a-standard numerical 
integration rotine with the data 
given we obtain 


C, = 0.327 


ERE 
— — 
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9.70) A Boeing 747 aircraft weighing 580,000. 
‘Ib when loaded with fuel and 100 passengers takes. 
off with an airspeed of 140 mph. With the same 
configuration (i.e., angle of attack, flap settings, 
etc.) what is its takeoff speed if it is loaded with 
372 passengers. Assume each passenger with lug- 
gage weighs 200 Ib. 





For steady flight £=6, 400A =W 1) 
i ( Joa denote conditions with 100 Passengers 

and ( )._. with 372 passengers. Thus, with G 
Aoo = A372 , and Poo = Ca72 Eq D gives 


4 
[580,000 * (372 -/00) (200) | : 
580,000 lb p ith b Orph 


L 100 = Goo J 





910) Uoc U. =U 
7 = UL or 372 100 
372 7 


Thus, Ui, 9/46 mph 


9.102 Show that for unpowered flight (for which 
the lift, drag, and weight forces are in equilib- 


rium) the glide slope angle, 6, is given by 
tang = CpIC,. | 


For steady unpowered flight T 


ZF, =O gives = Wsin® te 
and. 
25 F =O gives X =Wcos8 


Í hvs, 
e ] | L 2 
e = wne = fan® , where Z- zoo" Ey. 





C, 
Hence, lan Q a 
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9/63 If the lift coefficient for a Boeing 777 aircraft is 15 
times greater than its drag coefficient, can it glide from an al- 
titude of 30,000 ft to an airport 80 mi away if it loses power 
from its engines? Explain. (See Problem 9.702) 


: Cp / 
From Problem 9.102, tan = e 7 E 


Hence, 


M — : 7E , or d - 4 5x/o* fl 
= 852»; 


Hence, the plane can gl ide 80mr. 


9.]o4 On its final approach to the airport an 
airplane flies on a flight path that is 3.0° relative 
to the horizontal. What lift-to-drag ratio is needed 
if the airplane is to land with its engines idled 
back to zero power? (See Problem 9, /02.) 








From Problem 9.102, 







- Cb 
tan o C, 
oc 
> = tan 2^5 Q, 0524 x = 19.1 
7 D 


a late ete A Paa EN DaT hh ES eT Aen N ea A Sieti Sety Se B Ia I A mS ee ee ee Sa ee Bee Mig heren VAI A eR ON Ta IS ASE I AAA damnes 
. : i . - : í s : D s s 


setei ype 


21 A gh 
E bat! ote 





































the flight speed (U) and altitude (k), weight (W), and wing fe m 
loading (W/A = weight divided by wing area) of aircraft. Use n N 
the data given in the table below to determine the lift coeffi- - ced 
cient for each of the aircraft listed. Sees ee 
Aircraft Year W,ib U,mph W/A, lb/ft? pl 
Wright Flyer 1903 750 35 145 0 AERE 
Douglas DC-3 1935 25,000 180 25.0 10,000 | [5 d 
Douglas DC-6 1947 105,000 315 72.0 15,000 le up cre 
Boeing 747 1970 800,000 570 150.0 30,000 4 i 
= yeas 

f! 7 Foor = 4 

I v sh tit L z A WAA S = 
eri. , n | e 2 veo) [ord 
EE 74 xi? iaza "PE eS o 08) e o 

di Soxo” #62 | 72 1 HH 












9,/0@ The landing speed of an airplane such as the Space 

Shuttle is dependent on the air density. (See Video V9.1.) 

By what percent must the landing speed be increased on a 

day when the temperature is 110 deg F compared to a day 

when it is 50 deg F? Assume the atmospheric pressure re- 
. mains constant. 


For equalibrivm , tte weight, or 

40 t, A = W 

Thus, with constant W,C, , andA, 
2 S 2 | | 

(pU - | (gU Loan 

mE L 

U 0 -(- ) V | | | 

ilo Pre | 50 | o 227 

Bit p=pRT so that em, A a 


or 





Cm "(gu e) (F045) 


7 hus 


J oe 
Chet = 1.176 Uae = 10572 Ure or a 5.727. increase 


7,107 


9. je7 Commercial airliners normally cruise at relatively 
high altitudes (30,000 to 35,000 ft). Discuss how. flying at this 
high altitude (rather than 10,000 ft, fer example) can save fuel 
costs. 


For level flight W=aircratt weight = X=6,¢0U"A 
Thus, for given W,C,,andA the dynamic pressure 
À a independent of altitude. That ss 


i Bento 
oU?) = ZU) or Li (n) 10,000 


10,009; ff 30,000 ff 7 C30, go? 
Hence, Ur Yo 000 


Also, since the drag is =C C, 10U7 if -— that 
ol =G, 207A] LZ ter) EZ £00, Lo ZU sn 


30, 000 


Hence, the aircrart can fly ie g high altituded with the 
Same amount of drag (nee opoo) 


; 
: 
seien = i 
; à 
> i i i 
t PO ! 3 
t : I i 
z Píee faves ened 
P I : i 
3 : i i 
Rai i | i 
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Pc : ; 
È i 
& i d 
: | i 
5 [^ : 
X 1 ? y 
3 be 4 
1 nut m c c i fii DE Mae Lal i 
oe i : 
į a e cu a aaa a es eret ; 
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i H se 
i i NE 
^ shes Sen E 
c i : : 
E : tow 
; Pee ae 
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1 : ra 
i ; Dod 
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9.109 For many years, hitters have claimed that some baseball 
pitchers have the ability to actually throw a rising fastball, 
- Assuming that a top major leaguer pitcher can throw a 95-mph 
pitch and impart a 1300-rpm spin to the ball, is it possible for 
the ball to actually rise? Assume the baseball diameter is 2.9 in. 


and its weight is 5.25 oz. 


ball will rise. 





If the lift produced on the s pining ball is greater than its weight the 
Ds 


L=6,70U A 
where G, is a tunction of we 


as shown in Fig. 7. 39. 


Thus, wrth ra " 
20 2 Nt mI 


C, = 0.04 


whe ai = 0,163 


Hence for the given conditions 


x = 0. o4( z (0.00238 SHEN 139 ££ y 
E (22 74)" = 0,0422 I 

so that 

Y= 0,0422)b < W=0.328 IL 

The ball will hot rise. 

Note : The above result is based 


on smoolh- sphere dala, The results 
for a baseball (with its rovgh surtace 
containing seams) will probably 

give à somewhat larg er litt because 
for a given angular velocity it can 
drag" more ar al OQ Qs it SPINS. 
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(uU -1800rpm 
=188 1% h 





.U- 95 mph 
2430 fl/s 


3) — 5.25 of =0,328 Ib 


Cp C; 





etb2U 


coefficients for a spinning smooth ; 
sphere (Ref. 23). 








9.JQ (See “Learning from nature,’ Section 9.4.1.) As 
indicated in Fig. P9.1160, birds can significantly alter their 
body shape and increase their planform area, A, by spreading 
their wing and tail feathers, thereby reducing their flight 
speed. If during landing the planform area is increased by 
50% and the lift coefficient increased by 30% while all other 
parameters are held constant, by what percent is the flight speed 
reduced? y 





NU FIGURE P9.119 


i -6GzpeUA 
Lel ( ), denote landing conditions and ( ), denole normal flight conditions. 
This, with x, =, j 


| y , 
C., ipu A, =p zu, fig 
or 
= / A; [o — | A; | C, 
on 
U, = 0.7/6 U 
Hence, 
U-u 
Tg 703-1 --028* 


i 


6e, a 284 7. reduclion in flight speed 
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9, 42. ) It is : ostiaated p a itn ality ling app pro] oats y designed 
winglets on a certain airplane the aay cect | n twill be reduced 
by 5%, For the same engine thrust, by what percent wil the aircraft 

speed be increased by use of the winglets? 








Let (), mn without —— and ( } with winglets. 

Thus, since drag equals thrust and thrvst, = thrustz , it follows 
that 

lt = ab. 

or 

C teU A =C teU A 

so that with A =A, 

U, = UJE =U it = 1.02600) 

Ths, a 2.60% increase in speed is realized. 








1°92 


19.2 | 


9.112 ^ Boundary Layer on a Flat Plate 


Objective: A boundary layer is formed on a flat plate when air blows past the plate. The 
thickness, 6, of the boundary layer increases with distance, x, from the leading edge of the 
plate. The purpose of this experiment is to use an apparatus, as shown in Fig. P9.112, to mea- 
sure the boundary layer thickness. 


Equipment: Wind tunnel; flat plate; boundary layer mouse consisting of ten Pitot tubes 
positioned at various heights, y, above the flat plate; inclined multiple manometer; measur- 
ing calipers; barometer, thermometer. 


Experimental Procedure: Position the tips of the Pitot tubes of the boundary layer 
mouse à known distance, x, downstream from the leading edge of the plate. Use calipers to 
determine the distance, y, between each Pitot tube and the plate. Fasten the tubing from each 
Pitot tube to the inclined multiple manometer and determine the angle of inclination, 6, of 
the manometer board. Adjust the wind tunnel speed, U, to the desired value and record the 
manometer readings, L. Move the boundary layer mouse to a new distance, x, downstream 
from the leading edge of the plate and repeat the measurements. Record the barometer read- 
ing, Hy, in inches of mercury and the air temperature, T, so that the air density can be cal- 
culated by use of the perfect gas law. 


Calculations: For each distance, x, from the leading edge, use the manometer data to de- 
termine the air speed, u, as a function of distance, y, above the plate (see Eq. 3.13). That is, 
obtain u = u(y) at various x locations. Note that both the wind tunnel test section and the 
open end of the manometer tubes are at atmospheric pressure, 


Graph: Flot speed, u, as ordinates and distance from the plate, y, as abscissas for each 
location, x, tested. 


Results: Use the u = u(y) results to determine the approximate boundary layer thickness 
as a function of distance, ó — ó(x). Plot a graph of boundary layer thickness as a function 
of distance from the leading edge. Note that the air flow within the wind tunnel is quite tur- 
bulent so that the measured boundary layer thickness is not expected to match the theoreti- 
cal laminar boundary layer thickness given by the Blassius solution (see Eq. 9.15). 


Data: To proceed, print this page for reference when you work the problem and etiek here 
to bring up an EXCEL page with the data for this problem. 






Boundary iayer mouse 
i m Pitot tubes 
Du. cssc EE SN 


Flat plate 


inclined manometer 


8B FIGURE P9.112 


(conl) 
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Solution for Problem 9.1/3: Boundary Layer on a Flat Plate 


0, deg Ham in. Hg T, deg F YH20; Ip/ft^3 


25 29.09 80 62.4 
y, in. L, in. u, ft/s y, in. L, in. u, fUs 
Data for x = 7.75 in. Data for x = 3.75 in. 
0.020 0.20 19.9 0.020 0.15 17.2 
0.035 0.35 26.3 0.035 0.35 26.3 
0.044 0.48 30.8 0.044 0.45 29.8 
0.060 0.70 37.2 0.060 0.71 37.5 
0.096 0.95 43.4 0.096 1.20 48.7 
0.110 1.06 45.8 0.110 1.30 50.7 
0.138 1.21 48.9 0.138 1.56 55.6 
0.178 1.44 53.4 0.178 1.77 59.2 
0.230 1.70 58.0 0.230 1.95 62.1 
0.270 1.85 60.5 0.270 2.00 > 62.9 
Data for x = 5.75 in. Data for x = 1.75 in. 
0.020 0.20 19.9 0.020 0.20 19.9 
0.035 0.42 28.8 0.035 0.50 31.5 
0.044 0.50 31.5 0.044 0.68 36.7 
0.060 0.71 37.5 0.060 0.90 42.2 
0.096 0.98 44.0 0.096 1.51 54.7 
0.110 1.06 45.8 0.110 1.70 58.0 
0.138 1.30 50.7 0.138 1.90 61.3 
0.178 1.54 55.2 0.178 1.95 62.1 
0.230 1.76 59.0 0.230 2.00 62.9 
0.270 1.88 61.0 0.270 2.00 62.9 


pu*/2 = yy20*L sine 

where 

P = Patm/ RT where 
Paim = YH20"Hatm = 847 Ib/ft^3*(29.09/12 ft) = 2053 Ib/ft^2 
R = 1716 ft Ib/slug deg R 
T = 80 + 460 = 540deg R 


Thus, p 7 0.00222 slug/ft^3 


Approximate boundary layer thickness as obtained from the graph: 


X, in. 6, in. 
1.75 0.15 
3.75 0.20 
5.75 0.27 
14/5 0.30 


(cont) 
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Problem 9.1/2 
Velocity, u, vs Distance, y 


—-—x- 7.75 in. 
—18—x- 5.75 in. 
—k—x - 3.75 in. 
—@— X= 1.79 in. 







Problem 9.112. 
Boundary Layer thickness, ô, 

| vs 
Distance from Leading Edge, x 







| K € Approximate boundary layer | 
: thickness 


| | Best fit power-law curve | 
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9.173 Pressure Distribution on a Circular Cylinder 


Objective: Viscous effect within the boundary layer on a circular cylinder cause bound- 
ary layer separation, thereby causing the pressure distribution on the rear half of the cylin- 
der to be different than that on the front half. The purpose of this experiment is to use an ap- 
paratus, as shown in Fig. P9.113, to determine the pressure distribution on a circular cylinder. 


Equipment: Wind tunnel, circular cylinder with 18 static pressure taps arranged equally 
from the front to the back of the cylinder; inclined multiple manometer; barometer; 
thermometer. 


Experimental Procedure: Mount the circular cylinder in the wind tunnel so that a sta- 
tic pressure fap points directly upstream. Measure the angle, B, of the inclined manometer. 
Adjust the wind tunnel fan speed to give the desired free stream speed, U, in the test sec- 
tion. Attach the tubes from the static pressure taps to the multiple manometer and record the 
manometer readings, L, as a function of angular position, 0. Record the barometer reading, 
Hya in inches of mercury and the air temperature, T, so that the air density can be calcu- 
lated by use of the perfect gas law. 


Calculations: Use the data to determine the pressure coefficient, C, — (p — po)/(pU?/2), 
as a function of position, 0, Here py — O is the static pressure upstream of the cylinder in 
the free stream of the wind tunnel, and p = Yml sing is the pressure on the surface of the 
cylinder. 


Graph: Plot the pressure coefficient, C,, as ordinates and the angular location, 0, as 
abscissas. 


Results: On the same graph, plot the theoretical pressure coefficient, C, — 1 — 4 sin76, 
obtained from ideal (inviscid) theory (see Section 6.6.3). 


Data: To proceed, print this page for reference when you work the problem and céick here 
to bring up an EXCEL page with the data for this problem. 


Static pressure tap 





Inclined manometer 


Cylinder 


@ FIGURE P9.1(? 


(con t) 
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Solution for Problem 9.1j3: Pressure Distribution on a Circular Cylinder 


B,deg ^ Ha, in. Hg 


25 29.97 
0, deg L, in 
0 1.2 
10 1.1 
20 0.7 
30 0.1 
40 -0.6 
50 -1.6 
60 -2.4 
70 -3.1 
80 -3.0 
90 -2.7 
100 -2.7 
110 -2.6 
120 -2.6 
130 -2.6 
140 -2.6 
150 -2,6 
160 -2.7 
170 -2.7 
180 -2.8 


| P = Yuzo"L sing 


O = Datm/RT where 


Patm = Yng Hatm = 847 Ib/ft^3*(29.97/12 ft) 2 2115 Ib/ft^2 


T, deg F U, ft/s 


75 


47.9 
Experiment 
p, Ib/ft^2 en 

2.64 1.00 
2.42 0.92 
1.54 0.58 
0.22 0.08 
-1.32 -0.50 
-3.52 -1.33 
-5.27 -2.00 
-6.81 -2.58 
-6.59 -2.50 
-5.93 -2.25 
-5.93 -2.25 
-5.71 -2.17 
-5.71 -2.17 
-5.71 -2.17 
-5.71 -2.17 
-5.71 -2.17 
-5.93 -2.25 
-5.93 -2.25 
-6.15 -2.33 


R = 1716 ft lb/slug deg R 
T = 75 + 460 = 535 deg R 


Thus, p 7» 0.00230 slug/ft^3 
C, * p/(pU*/2) 


Theory: C, = 1 - 4 sine 


C Copt) 
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Theory 


p 
1.00 
0.88 
0.53 
0.00 

-0.65 

-1.35 

-2.00 
-2.53 
-2.88 
-3.00 
-2.88 
-2.53 
-2.00 
-1.35 
-0.65 
0.00 
0.53 
0.88 
1.00 


7.12 | (cop?) 


c — MÀ 


| .. Problem 9.1;3 
Pressure Coefficient, C,, vs Angle, © 


———— EURO 


+ Experimental 


| — Theoretical (inviscid 
| flow) 





I 


O 30 60 90 120 150 180 


0, deg 
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10.2 On a distant planet small amplitude waves travel across a 
]-m-deep pond with a speed of 5 m/s. Determine the acceleration 
of gravity on the surface of that planet. 


C *19y , where c - 55 and y *Im 
Thos, 





10.3 The flowrate in a 50-ft-wide, 2-ft-deep 
river is O = 190 cfs. Is the flow subcritical or 
supercritical? 


mE veg. 08 o ug 
Fr zm Yay j where V g (2#i(Sof?) 1.40 4 


Us, 
1.90 Ë 


Fr = (822 )( 251) = 0,237 <] The flow S subcritical. 


10-1. 


10.4 


10.4 The flowrate per unit width in a wide 
channel is q = 2.3 m`/s. Is the fiow subcritical or 
supercritical if the depth is (a) 0.2 m, (b) 0.8m, 
or (c) 2.5 m? 
y- 8 3». $ solhat Fr = = —4. = - 
y Vay wey Wy 
2.375 _ 0.734 


Fr epg = here y~m 
6,855 y% ya a" y 





yY, m Fr flow type 





d 0.2 8.21 supercritical 
b 0.8 1,03 supercritical 
c) 2.5 0./86 subcritical 
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10.5 


10.5 A rectangular channel 3 m wide carries 
10 m?/s at a depth of 2 m. Is the flow subcritical 
or supercritical? For the same flowrate, what depth 


will give critical flow? 





3 
~ = e = IR — m. 
a or V= by = Bmyam) 6675 
Us, 67 2. 
fr = 27 = IT MT mE 0.376<! The flow is subcritical 
Also, 2,4 o 2 | 2 
-(#) where g =g = 32 = 3.332 SO that 
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| /0.6 | 


18.6 Consider waves made by dropping objects (one after 
another from a fixed location) into a stream of depth y that is 
moving with speed V as shown in Fig, P10.6 (see Video VI05). 
The circular wave crests that are produced travel with speed 
c — (gy) relative to the moving water. Thus, as the circular 
waves are washed downstream, their diameters increase and the 
center of each circle is fixed relative to the moving water. (a) 
Show that if the flow is supercritical, lines tangent to the waves 
generate a wedge of half-angle a/2 = arcsin(1/Fr), where 8 FIGURE P10.6 
Fr^ V/(gy)* is the Froude number. (b) Discuss what happens MOT 
to the wave pattern when the flow is subcritical, Fr < 1, 


(a) In a time interval of t since the object hil the water (and miafrafed 
the wave), the center of the wave has been swepl downstream a 
distance VE and the Wave has expanded lo bo a dislance ct trom 
ils center. This is shown in the tigure below. Note that Vi >ct 

if Vee (ee, Fr»). | 





"E" f 
Thus, from the figue, 95 Ui 


E = - arcsin(l/Fr) | 


fay _ 1 
V Fr 


n 


«lo 





(b) Tf Fr</ the above result gives sin € >! which fs impossib/e 
For Fr<! the following wave pattern would resyft, There ts no 


“wedge i pr ody ed à 
p S ROS ie non-concenric 
p PS 2 ATTN circular Waves 
/ P x / / r PER VN Y 
Ut LII LITEA 
No ovi i d 
eee ^ N ^ T — 
Vé<ct jf * ae 
Fr<! 
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10.7 


10.7 Waves on the surface of a tank are observed to travel at a 
speed of 2 m/s. How fast would these waves travel if (a) the tank 
were in an elevator accelerating downward at a rate of 4 m/s’, 
(b) the tank accelerates horizontally at a rate of 9.81 m/s’, (c) the 
tank were aboard the orbiting Space Shuttle? Explain. 


Since C= Voy i! follows that the tank depth is 


c (25 

g 9.81% 7 
(a) If the tank accelerates down with acceleration a , the effective 
acceleration of gravity is Gore 79-8 -(481-4)5 -s81 


Thus, : 
m o —_— 
C ay = (5.91% )(o.408m) = LSet 


(b) If the tank accelerates horizontally with 


acceleration a, the effective acceleration is MEG 
Fer =< |g? + a= {281° +9.81" = 13.87 £5 


Thus, 25 g 
C= (ts. 87£3)(0.408m) = 2.38 P? - 


(c) In orbit Gott =O (weightless) so 670 
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- i es 
10.8 | 
19.8 In flowing from section (1) to section (2) along an 
open channel, the water depth decreases by a factor of two and 
the Froude number changes from a subcritical value of 0.5 to a 
supercritical value of 3.0. Determine the channel width at (2) if 
it is 12 ft wide at (1). 
Fr, = pes, or a = 2.0V, a) 
ind 
PN S h 
Fr,= a= =3.0 where y,=0.5% 


an 
Thus, 2 — — 23,0, or Vay, = V, 30.5) (2) 


0.5 gy, 
By equaling Eq. (0 and (2): 2.0y, - V, / Gpo.s ) 
V, = 424 V, 


However, Q, =Q, or b yy, Vi = bz Ya Va, where b= channel widih. 
Thus, with b, =/2 f: " 
(21) , (M) - b, (eo5sy) (429 V) or bj" zzrazuy 7 3:66 ft 
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10.9 Observations at a shallow sandy beach 
show that even though the waves several hundred 
vards out from the shore are not parallel to the 
beach. the waves often "break" on the beach 
nearlv parallel to the shore as is indicated in Fig. 
P10,4, Explain this behavior based on the wave 
speed c = (gy). 





FIGURE P10.q 

Since C= foy it follows that C, >C, becavse of the fact that y, >y, . 
Therefore, as the waves move, that portion in the deeper water 
fends to catch up" with that portion closer fo shore in the shallower 
water. The wave crest lends le become more nearly parallel 1o the 


shore line. The waves “break” on the shore as if the wind were blowing 
nor mal to the shore. 
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10.11 Often when an earthquake shifts a seg- 
ment of the ocean floor, a relatively small am- 
plitude wave of very long wavelength is produced. 
Such waves go unnoticed as they move across the 
open ocean; only when they approach the shore 
do they become dangerous (a tsunami or *‘tidal 
wave"). 
length, A. is 6000 ft and the ocean depth is 15,000 
ft 


From £g 10%: =] 88 tanh( 222] * 


Or | k 
o | (22.2 ono) tanh( arise) - 125 B 


6000 tt 


10- à 





10.12, A bicyclist rides through a 3-in. deep puddle of wa- 
ter as shown in Video V10.5 and Fig. P10.12.If the angle 
made by the V-shaped wave pattern produced by the front 
wheel is observed to be 40 deg, estimate the speed of the 
bike through the puddle. Hint: Make a sketch of the current 
location of the bike wheel relative to where it was At sec- 
onds ago. Also indicate on this sketch the current location 
of the wave that the wheel made At seconds ago. Recall that 
the wave moves radially outward in all directions with speed 
c relative to the stationary water. 









hd ics tue Sa dues — 
at poini (O). Ai the current time, te 

t=at, the wheel has traveled ag : 
distance d= Vat and is at point (I). 
At lime t-at, a wave produced 
by the wheel when if was at (0 
will be a distance cat from (0) c a" XC 
as indicated inthe figure. | "in | 
Waves produced at various times | 
(from 1*0 1o 1 A12 by the front p 
wheel will form a V-shaped wave / 


wave produced 
al (0) when t=0 


(0) | AL (1) 





V-shaped “bow 
wave” from front 


| Wheel 
as shown in The second ligure : 

( provided V>c ; sugeroril ical \ 

bike speed). M 


From the geometry ot the figure 


cat 
sin% = "Val 





or a 
V= 
SIN & 
Thus. 4 
2.04 
y- 29 
S/H 2.0 
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10.13 Determine the minimum depth in a 3-m-wide rectangular 
channel if the flow is to be subcritical with a flowrate of 





Q ^ 60 m/s. 
Va | 6072- _ 20 / d 
~ (3m) y = ays gr HOG V~ when ye epth~ m 
Also, 
(5? m) 6.37 


re ay f(a, 1 Ss )y] i ea 


Note: As y decreases, Fr increases 
Thus, do have Fr<! we must have L< | 


y»(639)^ = 3,4%m 


+ 


[0-/0 


10,14 


10.14 (See Fluids in the News article titled “Tsunami, the nonstorm 
wave,” Section 10.2.1.) An earthquake causes a shift in the ocean 
floor that produces a tsunami with a wavelength of 100 km. How 
fast will this wave travel across the ocean surface if the ocean depth 


is 3000 m? 

) A 
j -|# tanh (27¥ | , where A=l00km =10°m and y = 200m, 
Thus d 


J 


z 5 
Cz] 281 8> (10°m) 2m7(3000m) V] ^ 
LUE tal PET org 
or 


c= 17) P2008) SP) — gj ke 








lo-il 





[0.15 | 


(1) 


10.15 Water flows in a 10-m-wide open channel with a flowrate 
of 5 m?/s, Determine the two possible depths if the specific energy 
of the flow is E — 0.6 m. 





4. 
E-y* i. where E=0.6m and 
-Q s Qm 
f b Tom =O45% 


| omes 
Ds — py. 
y (2) (780 $.) y*m» 
or | 
0.6 7 y OST. , where ym 
Solution to this equation give 


y = 0.560m and y * 0.173 m 
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10.16 Water flows in a rectangular channei with a flowrate 
per unit width of g = 2.5 m?/s. Plot the specific energy diagram 
for this flow. Determine the two possible depths of flow if 








E = 2.5m. 
É vs 4 į (2.5)? ay 4 O34 
E /*29y? Y "2(4eys 77 Yt 
hus, plot 
Ex y+ Oo , where E~m, ym 
Xa k 
42 5h)? 3 
y= g (RE i = 0, 860 
Mole: y, (3 ) 2817. m 


anao — | 
Emin = 2 x - z (0.860m) zL29m 


ee I tlle eh AI 





posue 
yvsE 
2.5 TmT— 
Duo eite oet d 
1.5 -[— 
E 
> 
4 -|~ 
0.5 
a ! 
0 — p= | — | 
0 0.5 1 1.5 2 2.5 3 


E, m 


| 0.3/9 
For E-2.5m, £e. (1) I.S 25 =Y + y? 


Or y3 -2,5y? t0.31? -O 
The roots to this equation are y= 2-45 , 0.338 , and - 0.335 





Thos, y= 2.45 m or y * 0.388. m 








— Bm a 


10713 
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10.17 Water flows radially outward on a horizontal round 
disk as is shown in Video V10.i2and Fig. P10.17. (a) Show that 
the specific energy can be written in terms of the flowrate, Q, 
the radial distance from the axis of symmetry, r, and the fluid 


depth, y, as 2 
E 9g)! 
Ew Lu 
amr] 2gy? 


(b) For a constant flowrate, sketch the specific energy diagram. 
Recall Fig. 10.7, but note that for the present case r is a variable. 
Explain the important characteristics of your sketch. (c) Based 
on the results of Part (b), show that the water depth increases 
in the flow direction if the flow is subcritical, but that it B FIGURE P10.17 
decreases in the flow direction if the flow is supercritical. A hee I 





Q 


| E co. V _ @ 
(a) The specific energy is E-y*szg , where V= 4 = a 


Thus, E 3 
E- y *(zsr) 29y* 


(b) Let G = zt so iha E= y E. which is the same as for 


two dimensional flow with q = © being replaced by G. However, 
for two dimensional flow g is constant; for radial flow J is a 
variable since r varies. Bul E vs y curves for constant à would 


look Q5 Shown below (Fig, 10.7). / subcritical 
y 


(c) From the Bernoulli equation 
E I -E, or E = constan{ for this flow, 
Consider subcritical flow —pomt 
A. For ovuttow r increases so that 
@ decreases, Thus since E=const., / 
the flow goes from state A, doa; | 775 
the depth increases. For sub- m 






Super- 
critical 


incPeasing g 















critical inflow r decreases, G increases, ^^ Fi7Ea 

the flow goes from A, to Az and the depth decreases. 

For supercritical flow 1 is irve. Thus, subcritical | supercritical 
outfow increases r, decreases J; 0r inflow depth | deh 
Írom B, lo B4— decreasing d'eplh. decreases | increases 


ve | 5 
Supercritical inflow from B, 1o &,— out flow | ae AR RE ` 
increasing depth. | | 


pe, 
I 
asus 
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10.18 Water flows in a 10-ft-wide rectangular channel with a flowrate 
of 200 ft*/s. Plot the specific energy diagram for this flow. Determine 
the two possible flowrates when the specific energy is 6 ft. 


: 3 
2.00 — er 2 
, where Q = 5 lou  ^"s 





Ey 


Thus 
z (20 fA 2 
Ee y + 2. (32.2. fs?) y?- 


(1) E y+ £2 where E and y f! 


2a 


Ea, (i) steli Mm 


RA 
gy" 





3 I 
Y -6y*4,2120 which has solvfions 
y 75,62 fl gn y*4129 f$ 








These Valves are shown in the above Figure. 
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10.14 Water flows in a rectangular channel at 
arateofq = 20cfs/ft. When a Pitot tube is placed 
in the stream, water in the tube rises to a level 
of 4.5 ft above the channel bottom. Determine . 
the two possible flow depths in the channel. Il- 
lustrate this flow on a specific energy diagram. 








fi, M z TA B+ Bez, 2, Where Z,-Zz, 
V 0, i = =h, and & - 445 — -(y-h) 
Thus, : 
h+% P 45H-Y+h , or a5 = 45-y 
bul, y - 4 - 20% 
D y 
Hence, : 
(5) =%5 -Y or 4 ~Y Sy? +6.2/=0 where y~tt 
2(9228)  ' / FT 


The roots of this eqvation are y= 41%, 1.42, and -/.06 


Thus, | 
y = #04 Hor y= 142 tt 


20 8 I 
E= yta = y+ dei op Ex y+ EH (1): 


The — energy diagram (plo! of £g. U))is shown below. 
“EEE 
y | 
"| EPA [| | 
ETE a2 
f 
Eee 


A HET 
n LLLLLLLLLLL 


0: 1 2 3 4 5 6 7 











10-1 6 


1 z 
ete 


| /0.20 | i 


10.20 Water flows in a 5-ft-wide rectangular channel with 
a flowrate of Q = 30 ft/s and an upstream depth of y, — 2.5 ft 
as is skown in Fig. P10.29, Determine the flow depth and the 
surface elevation at section (2). | 


























FIGURE P10.2.0 


Sari = A uz Mna 70, 2,2 721i, 2, 02H *y, 


29. Go _ aff ] oof! 
V; ^ ^ anon -5$,an V7 A7 (SfDy, ~ Ya 


Thus, | 

(Gp £r) ip TR ae 

M. yx +0.559 = M which has roots Yo" 1-77% , 0.632, and -0.632 
Nole: Fr,» — m apan“ ~ MTS 


If y, 7 0.432, lhen Fool, This y 
cannot be since there js no "bump" 
between (n and (2) al. which critical 
conditions can ocem 


Tvs, y,=1.774 fi and 227 1.974 ff 












10.21 Repeat Problem 10.20 if the upsweam depth isy, = 0.5 ft 








= * x ut 2 tt 30 ff 6 
Me  (o.58)(510 7/2 5$ , and X7 E (SHY, Yz 
Thus, | T 
(iz BY” - 
2022M) * 0.5 fi = 282215 * 0.2 ff ty, 
or 
y3 -2.53 y, * 40,559 =O which has roots Ys = 2.44% 0.528, and - 0, 34 


T LE 
Note : mn, "(522 Eo. er] Hosp] = 2.97>| y 
If y, = 2.44f, then Fra<l. This cannot be 
since there is no “bump” between (I) and (2) 
at which critical conditions can occor. 






1 y,70528 fl 
y = 0. St 





Thus, Y,= 0.528 ft and 22.7 0.728 ff 


JO- B 


+7022 | LS 


10:22* Water flows over the bump in the bot- 


tomofthe rectangular channel shown in Fig. P10.22 


with a flowrate per unit width of g = 4 m’/s. The 
channel bottom contour is given by z, = 0.2e7* 


where Z, and x are in meters. The water depth p 


far upstream of the bump is y, = 2 m. Plot a 
graph of the water depth. y = y(x), and the sur- 


face elevation, z 2 z(x). for -dómzxx4m.- 


Assume one-dimensional flow. 








| FIGURE P10. 22 


Gitte +z, = + ae "AT "0, Zi* y 72m, Z;7yt£g 
org -y*o26" | 2d ot -28 and V= $ = A 

f2 my _y2 
Thos, JE. (F zy +yt02e 

2.(9.81 3) T AIA 
or : 

y?- (2.20 -0.2&^ ) ^4 O.815 -O where ym (I) 
Solve for y = -4£X£€ m 
m. 

Note: Fr, = £3 = 0.452 <l 


"io; [e 8i 2m] 


Ths, the flow will remain subcritical 
throughout — the largest root of £g.(1) 
will be the correct one. 





The following results are obtained by solving Eg, () for y 


and then genet for - "m*xs^m, 


=x,m ym zm 
0.0 1.727 1.927 
0.5 1790 ^ 1.946 
1.0 1.901 1.974 
1.5 1969 1.990 
20 1.991 1.994 
2.5 1.995 ^ 1995 
3.0 1.995 ^ 1.995 
3.5 1995 ^ 1995 
4.0 1.995 ^ 1.995 
(con't) 


lo-/9 


eor 


| /022"] (cont) 
The above results are plotted inthe graph below. 








* 10.23 | | 


*19.23 Repeat Problem 10,22.if the upstream depth is 
0. 4 m. | 





ip = 0.2e- Y 
FIGURE P10.22 


Bits tZ = 


or Za7 y 10.26" 


Thus, | (108) 


"s Ez, where Ae =0, 2,=y=O0.4m , Z7 YtZo 
, yF =f = AÈ son and «3 = + 


y Q. ^m 


my 
+ 0.4m = (y SY tyto26e* 


2(48)2) 209812 
~ (5.50 - 0.26" B +0.8/5=0 where y~m Ww 
Solve for y E L6 xXz4 m 
Note: Fr, = BT iie -5,05»]| — Y 


ay [(9.81%)(0.4m]# 
Thus, i f low will remain supercritical 
throughout —the smalles} positve root of 
E¢.t) will be ihe correct one. E 





The following res i ts are obtained by solving Eg. (h for y 
and then Z = RR xt for om LX SYM. 


+x,m ym zm 
0.0 0.408 0.608 
0.5 0406 0.562 
1.0 0403 0.476 
1.5 0401 0422 
2.0 0.400 0.404 
2.5 0400 0.400 
3.0 0400 0.400 
3.5 0.400 0.400 
4.0 0400 0.400 
(con't) 
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/0.23*]. (con't) 
The above results are plotied on the graph below. 
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10.24 Water in a rectangular channel flows into a gradual 
contraction section as is indicated in Fig. P10.24. If the flowrate 


is Q — 25 ft^/s and the upstream depth is y, — 2 ft, determine the 
downstream depth, y;. 


a | | (2) 


Side view 


2 23 MESE NETTE TEC A etus ined aiu cii Mi E nme LUE EM EDS ea. Ee a 
4. M iu, fai - | fi - 
y '22 l 29 "72, where f, Z,=Y=Ait, 227 Ye, 


- 25 
.9 . 25k eft 
y g = = 3./3 B and V7 Q -25% _ 8.33 


(Ht) (2) ^ GMY Ys 
Thus 
| (3.3 £y t 2fl = (89 4 
2 (32.28) ui i 2 (32.2 &) 5 
or | 
| Y? - 2.45 y * L077 -«O which has rools y,71.828,0.996, and 0.623 — (D 
: | £t 
Note: Fr = Vi. ees = 0,390</ 
o [(32.2#)(2 4]? 


Since there is no relative minimum 
area belween (I) and (2) where crilical 
flow can occur i1 follows 1hal Fr,«! 
also. Thus, it's not possible fo 

have Vo = 0.946 








J hus, y," /.828fl 





~ 
eel 
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10.25 Sketch the specific energy diagram for the flow of 
Problem 16.24 and indicate its aes characteristics. Note 





that g; £ q2. 
T ToS 
Thus, for Ihe b= 44 chamel, 4,7 -g- ^B C 6.25 
or | 
(6.25 By _ 0,607 

E-Y* 302 Ey? ^? ETyt yz E 

| " . 

25 

For the b,= 34 chamel, 4,7 t "C869 E 

2 2 
Ezyt (E30 1077 "1 


2(2.225)y2 or E-yt 
2\b ae EAK 
Note: y, (D so that y= (4 - (e$ P 1.0674 


32.2 E, 
; and — | | 
| k /rgi334b? Vs 
(E y- (8.335 2, Y^- 1,292 # 
ME) aaa 


Also, Eqn = z , or Eni = 2 (1.067 H)= 1.60f 


Emina = ¥ (/.292 Fi)= 1.938F 
The specifi c energy diagrams (Egs.(1) and (2) are plotted below: 


2.5 1—— ——,1—- 





aan 





i H DX Lm Ya 


| 
P beue bia p 079 
"E 06 7H s Ena 1600) Yeo Zh ?2 fl, Égip, 71938 fi 











—- 
0 0.5 2 2.5 3 
2 (3.13%)? 
Note: £e tag mE “Jat cM zal = 2./5f4 
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10.26 Repeat Problem 10.24 if the upstream depth is y, = 0.5 ft. 
Assume that there are no losses between sections (1) and (2). 





Top view 


FIGURE P10.24 





Side view 
fit LT 9:4 T4. where f = f2=9, 2,=¥%=0.5ff, z= Ya, 


3 
25% psf 9 _ 2 _ 833 
y= 2. (afio.st) ~ (255 , aad k= Ar = GMA” Y 


Thus, | .33\* 
(12.5 8) iie (32 y 
2 (32.2 E) ^ ^ 2QG22ft) ^? 
or 


3 s 
y; -2.93 Ye + 1.077 =O which has roots y,= 2.79, 9.69% and - 0.555 


12.5 2 
3.122) 
Note: Fr, = in: ((32.2 £)(0.s#)]# 7 


Since There is no rela live minimum 
area between (1) and (2) where critical 
flow can occur it follows that Ir,>! 
also. Thus, if ts not possible to 
have Vg = 257F (the subcritical root). 


Thus, = 0. 694 ff 
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10.27 Water flows in a rectangular channel with a flowrate 


per unit width of g = 1.5 m*/s and a depth of 0.5 m at section : (2) 
(1). The head loss between sections (1) and (2) is 0.03 m. Plot (1) 

the specific energy diagram for this flow and locate states(1) V Va 

and (2) on this diagram. Is it possible to have a head loss of ~~ y, 5 


0.06 m? Explain. H | i 


Bak +Z, = beu tZ; th, 


29. 452 m - Ls 
Vials ie 0.5m 73 , and = = = 7 
Thos, with E= y*z5 and h,* 0. 03m Fai) fs 

E, = £, +0.03 
Also, Ez y* 


or 


$ where PA=’, Z,= 0.5m, Z2 "A. (I) 





g? 


(1.5%)? 
zy “yt 2 (9.9/3) y" 


Ee. (2) js. p below. 
Note: y= (FY (ey = 0.6/2 m 





(2)] 





9,8) 2 
wi 
Emin =F y= 3 (0.6/2m) = 0,918 m 
vise gt m 
A 273 GU Va, 5m)" n 
and £,= £,- 0.02 = 0.929 m 
16— — 
14 - | NE ME Note: If hy, = 0.06m 
with £,=0.959m so 
that Ez =E, - 0.06, 
1.0 then 
E E; 70.844. m € Emin 
x Thus, if is not possible 
- Jo have /,20.06 with. | 
oe the given 9. and y, . 
0.2 
0.0 





00 02 04 06 08 10 12 14 16 
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10-26 


/0.28 


10.28 = Water flows in a horizontal rectangular 


2) 
channel with a flowrate per unit width of q — 10 f n 
e fe : | | 
ft?/s and a depth of 1.0 ft at the downstream y y y, — V 


section (2).. The head loss between section (1) 
upstream and section (2) is 0.2ft. Plot the specific 
energy diagram for this flow and locate states (1) 
and (2) on this diagram. | | 





y e fi? 
| 2 and \,=/ff 
Thus, with E=y E n 
f^? 
r-va $.. (my — 
Ey *zgys ^ y * 2228)y* 





or | 
E=y+ 3 where E^ fl, y^ fi (2 


and Eg.) gives E, Esth, - £5 * 0.2 H 
Eq.02 is plotted below. , 


-)* Jg 
Mole: y, (4 )*- oo Jet nstl, Epio dy =Z (LESH) 2.19, 
: 7 çR | | 


A $523 "T 





A 


$53 
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10.29 Water flows in a horizontal, rectangular channel with an 
initial depth of 1 m and an initial velocity of 4 m/s. Determine the 
depth downstteam if losses are negligible. Note that there may be 
more than one solution. 


E = = vagy? aa J i trom the mitral conditions 
y =m and g, -2 = vyb - (4m/s)(1m) = ym 
Thus | m. 

a T oie 
E, "ks «Im * o8 1m] 
(Note: Since 6^ E x syst Wr = yr 


z/ 8/5 m 


vith no losses, Ea =E, , so that i "4. (4. e. iv s IT gaba, 
ence, ny with 2 
E,-/6l5m = yy, rae Ta 

or 

Les = y+ SP 


which has. soliti ons 
y 7m (same as the initial depth) 


or 
y, = 140m 





The energy diagram and these two depths are shown below. 








3 
aec 
QI 
M. 
70.30 RRR 
10.30 A smooth transition section connects: Q 


two rectangular channels as shown in Fig. P10.30. 
The channel width increases from 6.0 to 7.0 ft 
and the water surface elevation is the same in 


each channel. If the upstream depth of flow is 3.0 F GURE P10.3 B t doswisb 





ft, determine h, the amount the channel bed needs 
to be raised across the transition section to main- 
tain the same surface elevation. . 


o 





Side view 


oi M.z- fay + "2 B42, | where £ uA -0 and Z - Z5 "E Spire eee | 
The, y= or | 


$$, Hence, A-M or (éEOGR)- TED -h) 
"t = 0,429 ff 


Note: «7t = 2 and 67 = & «4, 


nd y? V2 Š 
ER tag and E= Xat za lus, smce V- M it follows 


ł hat E -£,= y, 2 X 
7he wp specitic ic energy diagram is as indicated below: 
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"70.31 | g 


10.3: Water flows over a bump of height 
h = h(x) on the bottom of a wide rectangular 
channel as is indicated in Fig. P10.3}! If energy 
losses are negligible, show that the slope of the 
water surface is given by dy/dx = —(dh/dx)/ 
[1 - (VW2/gy)], where V = V(x) and y = y(x) 
are the local velocity and depth of flow. Com- 
ment on the sign (i.e., «0, —0, or >0) of dv/dx 
relative to the sign of dh/dx. 





- FIGURE P10.2! 


For any i points on the free surface : 
Ty tZ, = Ga £ +22 , where f= T4570, Z,* y, and Z: = hty, 


] hvs, Ka h ty = dni SO that by diflerentiating 


-2V dh dy _ | 
da ah + =0 (i) 
Also, for conservation of mass | 
V, y, -Vy or VE «y % =0 or He ~ $d (2) 
Combine £os. (and (2): 
V [L.X d c 
g y dy ) 2h T. er) , 0r er - 
9 (1-(g5)) 


Note: If Fr "io </, then gh and dy have the — Sign 


Tf Inl, then gh and Z Sa ay Y <o Fp <l 


have he same Sigh. UN. 
| | . dx” 
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10.32. | 


10.32 Integrate the differential equation ob- 
tained in Problem 10.31 to determine the “draw- 

down” distance, £= (x), indicated in -" P10.31. Vi l 
Comment on your results. cen 


M 





n AG) | 
FIGURE P10.31 


From Problem 10. < 


d -(22) V, 
T - ^ , where Vy =V , 0r ys MA 
, (1-(3y.)) ' . . 


Thus, v2 CFI WK sotal 


FY RA gy 
dy m or [1- QX)y* ]ay = -(42)ax 
9 


ze from Y=y, and X o, wiih a a given fonction of x. 


fi- Ay Jay - fte j fh 


: 


T y- (BMY =-h Thos, y * (E )y?o-«- X; - 


| Hh 
or 7 
y (yz ‘h)y34 (4) E) | 
Obtain y=y(X) from E9.() and then £=Ltx) from y,=h+y +h 
or k= Y; -h -y 


Note: Eq (D) is nothing more than the Bernovlili egvation: 
2 ty, = Ot y+h with V= “y so that 


Ve +, E tyth which simplrties to Eg.) 
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10.33 | 


10.33 Water flows in the river shown in Fig. 
P10.33 with a uniform bottom slope. The total 
head at each section is measured by using Pitot 





tubes as indicated. Determine the value of 2) = 620.1 " | 
dy/dx at a location where the Froude number is z3 = 628.3 tt z2 = 618./ ft 
0.357. | x9 — xj - 4100 ft "EL post 
2 i FIGURE P10.33. 
dy _ Sp-So =} « Z3 -Z4 _ (628.3-625. DA 
or 05 o* Z; Z2 _ a. - 6/8.7) ff E -kf 
Sp = 8. x10 and 5,773 ^7-— on ^ 3X0 
Thus, | 
dy | 8.05xió- 3 Aulxjo * 
MO E cu mE ae : ' 
dx ] - (0.357) - 0.000532 (i.e. 2.8) 
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10.3 





10.34 Repeat Problem 10.33 if the Froude number is 2.75. 


Pl 
<3 
^2 


! 


620.1 ft | ^ 
618.7 ft 


628.3 ft | aor 
xy = 4100 ft z4 = 025.0 ft 


FIGURE P10.33 


HoN 


ay = A" , where from the figure Sp = M = Ju = 283 Oke rH o) fi 
l- | 


- -4 p cu EE. (520.1 - 618fl gr gt 
Or S; 8,05 x/0 and S, ? = 208 7 234] 
Thus, | 


dy | &05xl0* -3,4IxlÓ^ — . " 
ple cm ww DIO fias ahas fi 
dx 17 (2.25)* = / (i.e, 0.37327.) 
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10.35 Water flows in a horizontal rectangular channel at a 
depth of 0.5 ft and a velocity of 8 ft/s. Determine the two 
possible depths at a location slightly downstream. Viscous 
effects between the water and the channel surface are negligible. 


Lo. Bis LL 
" Y 132.2 Ff. 8) idi 


Thus, with Fr 71 here could be a hydraulic jump with y, >y, =0.5H, 
If so, then 


X -z pie Team] = 4[-1+ [198 (99? |= 2.36 


So that 
y, = 2.36 y, =2.36(0.5 ff) = 118 fl 





llence, either. y,7 0.5 #4 (no jump) or yp = 1.18 tt (with jump) 
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10,36 


10.36 Water flows in a 5-m-wide channel with a speed of 2 m/s 
and a depth of 1 m. The channel bottom slopes at a rate of 1 m 
per 1000 m. Determine the Manning coefficient for this channel, 





ls 
i) V-4zR Vs, where 


= M_ z 2 
a tre = 0,001 | =! and 


_ fl. Im(sm)_ _ 
Rh = P ~ (smtimtim) F” 


Thus, with V=2 t from Ee. CU 


> -p(er 


n= C,01I26 


"m— — GÀ 


NIG o 





10.37. 


10.37 Fluid properties such as viscosity Or 
density do not appear in the Manning equation 
(Eq. 10.20). Does this mean that this equation is 


valid for any epen-channel flow such as that in- 
volving mercury, water, oil, or molasses? Ex- 


plain. | 
The Manning equation, Q= xA R° e , was "derived" specilically 
for water. TI is nd in dimensionless form and cannol be use without 
alteration (ie. different n values 5 different dependance on ^ Í etc) 


for other fluids. 
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10.38 


10.38 The following data are taken from 
measurements on Indian Fork Creek: A = 26m’, 
P — 16 m. and $, — 0.02 m/62 m. Determine 
the average shear stress on the wetted perimeter 
of this channel. 


T, = SA, So , where R= 4 


2ém'VX/0O02m, N 
Thus, 1, - (0800 a) eam ) 7 5. à 
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[0.3 q | 


10.34 The following data are obtained for a 
particular reach of the Provo River in Utah: 
A = 183 ft’, free-surface width = 55 ft, average 
depth = 3.3 ft. R, = 3.22 ft, V = 6.56 ft/s, length 
of reach = 116 ft, and elevation drop of reach = 
1.04 ft. Determine the (a) average shear stress 
on the wetted perimeter, (b) the Manning coef- 
ficient, n, and (c) the Froude number of the flow. 


,04- 
a) ty = oR, 55. ; where So = DE = 0,00897 


Thus, T, = (62.44, ) (3.22ft)( 0.00897) = /,802 
b) Q-- A R5 5, ^ - AV | where X19? 
Thus, 2 19 5 o m (L:49)(3.22) 5(0.00807) 
n V 6.56 


4 
= 0.04769 


„56 & 
C) Fg = 6 és = 0.636 < | (subcritical) 


yY (32.2 #)(3.344)] ^ 
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10.40 | 


10.40 Ata particular location the cross sec- 
tion of the Columbia River is as indicated in Fig. 
P10. 49, If on a day without wind it takes 5 min 
to float 0.5 mi along the river, which drops 0.46 ol Dra | 
ft in that distance, determine the value of the —_—’ © 400 ` 800 i5. -1600 2000 . 
Manning coefficient, n. | ls (0 Width fto | 

: FIGURE P10. 40) 


Depth, ft 





From the given da la, V= 





(0,5 mi)(5280 fh) -8.8 fi 
(5mi n) (60-5) 
From je bri equation, 
- ja Eo LEES Lug 
V KRES o à where "n 0 (0. Smi)(52802;) 000174. (I) 


and 5-8 
Approximate A and P trom n figure as 


Ae Zby = 4 (1700f4)(44f) = 27400 ff? 
an 


z A 32400 fl^.— 
P« /800 fl Thus, fr 1300 fi = 20.8 ff 
Hence, trom Eq. (N > 
8.8 = LY! (20, 8) ^ (6, 000174)* 


or 
n= 0. -0/69 
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10.4] _ 


(1) 


10.41 A 2-m-diameter pipe made of fanished concrete lies on a slope 
of 1 m elevation change per 1000 m horizontal distance. Determine 
the flowrate when the pipe is half full. 





Im 





2/: 
Q=AV = XA TS where K «1 and S, "sor = 0,00]. 
Also A-z(£b) - Xm) jd 


and z(£p) 
R= = Z p = p = Zi 20,5 





From Table 10,1, for finished concrete , h= 0.012. 
Thus. - Fa. (1), 
3 


m 
Q = ms (1,57) (0. s) * Yo.oc! = 2.61 —— 
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10.42 


10.42 Rainwater flows down a street whose cross section is shown 
in Fig. P10.42. The street is on a hill at an angle of 2°. Determine 

. the maximum flowrate possible if the water is not to overflow onto 
the sidewalk. 


| bin. 
Asphait street 









SDHMAEUCIEY AN ae M s. NIFT 
TRUST ATUS NOM 






Sidewalk - 


Concrete curb 


BFIGURE P10.42 


z 
Q= FAREY , where X-149 and S, -lan2'- 0.034? c) 


Although part of the channe! is asphalt and part is concrete, since 
the value of nis similar for each, vse n= 0.016, the value for asphalt. 


Also, approximate the cross section 


as a triangle as indicated. h l= olos =s oS 
| M 
Thus, (oe [/ dsu 


As i(s:o5)(o.5) fl^» 1.375 t? 10 Cs 
uf 
Ps y2 (o.5f0- (5 m? H054)? = 5,73 fl 
so that 


-ÅA 1.378 ff" _ 
R74 5.73 fl = 0,240 f} 


"P -s Fq. (0): 
4 p 
Q= I LTL (7,375) (0, e" [0.024 = 225 


10- #l 





10.43 


Center board 


10.73 By what percent is the flowrate reduced 
in the rectangular channel shown in Fig. P10.43 
because of the addition of the thin center board? 
All surfaces-are-of-the same material... : 





Q= XAR s, g 
Without the centerboard A = (8) = E, Rp: h=- -2 
or A 
2 4$ c I | 
Quithout =% a(? )() So " 


Wi th B enfer board Quith 7 <9 Q, pape A= (By 
(2 
Rt f -b 


3(2) 





% o 


Eas 2 K( b) (5) . (2) 
Divide Eq. (2) by Eg. (1) i obtain Qwith _ 203) ($ 2) 


TEE = 0,762 
Quithor thot (BEA 
í [00 - 76.3 = 23.7 %2 redvction Z redvction | a 


[0-42 


J0. ^4. 


10.44 
ifornia, was used from 1890 to 1923 to carry logs from an el- 


evation of 4500 ft where trees were cut to an elevation of 300 
ft at the railhead. The flume was 54 miles long, constructed of 
wood, and had a V-cross section as indicated in Fig. P1047, It 
is claimed that logs would travel the length of the flume in 15 
hours. Do you agree with this claim? Provide appropriate cal- 
culations to support your answer. 


The great Kings River ume in Fresno County, Cal- 





g FIGURE P10.44 


L = distance T Veg E. Ths, 


_ L . (5¢mi) (S280 ft/mi) _ cafi 
2 £ (IS hr) 3400 s / hr) "S 


Delermine He average wa ter velocit Y, V, gnd compare if with tors Vog 
V= h R, TS, ; where K E14? A= i (lf?) = SAT P=2# 


-A- ast? _ 
e Ky = A "AB C 0.25 fl 
0, | 
o 4Z. {4500 ~300) H - 0,0/ 
5,7 4 | (s*m)(s280 fl/n/) MY 
Thus, with N=0.0/2 (see Table 10.1, planed wood), 





y= L (0.25) {0.0147 = 6,97 it 


Note: Vis slightly - than Vog . Thus, the claim Gppears fo be 


sanas Yes. 
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10,45 | | 


10.45 Waterflowsin a channel as shown in Fig. P10.45. The velocity 
is 4.0 ft/s when the channel is half full with depth d. Determine the 
velocity when the channel is completely full, depth 24. 





E FIGURE P10.45 


Veq X Ye So that 
7 


Vo K oT. 
DE E xis K p 5 WES 1 Piu | since X, n, and S, are the 
yum h P A x full same for both the fuil ahd 


half-full conditions. 


m fvil 


jai A )(oa) 

= (2-4) (10 z 10 
Rhun 7 (P a^ (| od+2d+2d d) 7 d 
and 


./A) led) _ 
Rh sty “(Fh gy ind didi 6 d 


Thus, from Eq. (I) | 


2 
Ma. (4 a 
ad uy tes 
Vip V4 | 


or | 
»* fts 5,23 it 
Von = 132 Vig = 1232 (4 5) = 3.73 5 
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! 0.5/6 


| 2 | 
10.46 — A trapezoidal channel with a bottom : : EE 
width of 3.0 m and sides with a slope of 2:1 | P 
(horizontal:vertical) is lined with fine gravel a z 
(n — 0.020) and is to carry 10 m?/s. Can this WK—3m — 


channel be built with a slope of Sy = 0.00010 if 
it is necessary to keep the velocity below 0.75 
m/s to prevent scouring of the bottom? Explain. 


Determine V wih Q= jo t and S, = 0,00010. | 
= -K- AR, SVI | where A7 2y[3*G*4Y)] - 2y?*3y (0) 
and R= with P=3+2 em 


Thus, i 
I0» —l- (ay peit to.0001)* 
_ (2y*+. 24 3y)” . : 
" (3 M" yy which Can be written Qs 
am (34215 y= 0 Bar (1) 


A standard root-f min computer program gives the solvtion to £e. (I) as 
y 22.25m 


Hence, from Eq. (o) 4- 2 (2.25) + 3(2.25)=/6.9 m? 
S0 that 


m? 
y. 9 ul 10 = 
4” 16.9 m* 


Thus, V<0.75 © so that scovring will pal occor. 


NL AF E P 





= 0.592 m 
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/0.47 | 


10.47 Water flows in a 2-m-diameter finished 
concrete pipe so that it is completely full and the 
pressure is constant all along the pipe. If the slope 
1s Sy = 0.005, determine the flowrate by using. 
open-channel flow methods. Compare this result 
with that obtained by using pipe flow methods of 
Chapter 8. | 


For open channel flow. Q = x ARS S 4 , where X=] 
Also, A=#D*= Z (2m) = 3./4^m^ and P=7D=6.28m so that 


ben 
hos... 


AP 628m 0.5m 


Hence, with n= 0.0/2 for finished concrete (see Table 10.1) 


Q= (3.14) (0.8) (0.005)4 = I, 7-2 (open channel) 








For x Flow with constant pressure : 


p y [ell 
Waa, = Bp X iz, 5% —— 
zZ=28, d n 
du f^ * f and V,= V, Es 
Thus, wilh 2T =S, : B 
ES, = -f$z5 29 | 
or | Ls 
fV = 29DS, =2(9.81%)(2m)(0.005) Thus, fV= 0.196 () 
From Table 8.1, for smooth concrete £ = 0,3xi0 m/, 2m= 15x10 
| 2, V(2m) 
Also, Re = YD P= oust = 1,79x10°V "e 
and from the Moody hae (Fig. 8.29): | 
Solve Egs. (1), (2), and 3) for f, V, Re: f NN (3) 
Assume f= 0.015 so that trom Eg.) m | 
0.196 | | 
Vows]. -3,42 Re 


"Ro = /.79xJ06 (3. "E 6.46 x/06 Thus 205 Eg (3) (Mordy chart) 
f= 0.013 ¢ 0.015. Assume f=0.013, op V=[# ue |? = 3.008 | 
so that Re =/.79x/0°(3.88) = 6.95x/0° Thus, from £9.02) f= 0.013 (checks| 
with the assumed valve) Hence, V=3.982 or 


Q-AV- Zif2mY (2858) - 12.2% (pipe flow) ~ 1.72 ( open channel ) | 





aa : 


O 


loa | 


Qw im A w wW T 


30,48 Water flows in a weedy earthen channel 
at a rate of 30 m*/s. What flowrate can be ex- 
pected if the weeds are removed and the depth 


remains constant? 


Q- AA R^ Sr Let ( ) denele no weeds; ( ),, denote with weeds. 
Thos, since y= Anw , Piyy = Pray and Sow = Sony it follows that 





- ze 
b n n Pow R hyw D UN 
From Table /0.! 1, = 0.030 
or 

Onn = Se, Gy = 2939. (3088) 


0.022 
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Dy = 0.022 


AW 


3 
= 40,9 LL 


10.49 


10.49 A round concrete storm sewer pipe used to carry 
rainfall runoff from a parking lot is designed to be half full 
when the rainfall rate is a steady 1 in./hr. Will this pipe be 
able to handie the flow from a 2-in./hr rainfall without water 


backing up into the parking lot? Support your answer with 
appropriate calculations. 


q- =p AR VS 

Let ( ), denote conditions when the pipe is half full and ( ) when 
the pipe i's full. 

Thus, A,- D, Rh A/R =l & D?)/(ZE b) - p/4 

and A, = pt Rnp2Aa (R= (F 0*)/(70) = DF 

Also, So) = Soo. "ni n, = N 





by ere fore, u 
A AR ^ M A VR (Zb*z) i oL 
7 XA Aa R; m Ay Re (Ep 2y5 ^ 7 


Thal is, Q, 22. The full pipe can carry twice that of the 
half-full pipe. Lf can carry the Zin. /hr raintall. 
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10.50 A 10-ft-wide rectangular channel is built to bypass a 
dam so that fish can swim upstream during their migration. Dur- 
ing normal conditions when the water depth is 4 ft, the water 

. velocity is 5 ft/s. Determine the velocity during a flood when 
the water depth is 8 ft. 





Let ( ), and t bp dene normal and flood conditions, respectively 
Thus, 


0 W-75 & f 15, and 


2 
0 e= 7 Pl Is, 
ius A, * Np 3 Ss = Sor and 
A, = LOH lat) = HoH, Ay = pofi (eU) = eof 
P, » tofis2 (48) - /Bf], B) - Jof t 2000) 24 f 


Thus, Mt = A Hohl 2,22 ff 
and 


2 off 
Ny = = L = 3.08f 


one divide £g (2) v^ M to obtain : 


Kye = oet 
$ - (fit) = (ace ELI nas 
SO that 
y= =/.2% % = aresti = 6,22l ff 
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*10.52 Water flows in the painted steel rectangular channel 
with rounded corners shown in Fig. P10.52.The bottom slope 
is 1 ft/200 ft. Plot a graph of flowrate as a function of water 
depth for 0 = y = 1 ft with corner radii of r = = 0, 0.2, 0.4, 0.6, 


0.8, and 1.0 ft. 





FIGU RE P10.52 


ar imoa, omma 


Q= X AR, S4, uius K=1.49, from Table Jon 3 nz 0.0/4. Lud 7] 
Ifi | | | 
5,* 2ooRF = 0.005 


(a) Assume yər: 
Thus, A=2(y-r)+r(2-2r)+$ or? 











or A= 2y-(2-F)r? (2) 
and p= 2( y-r) t(2-2r Fr 
or P=2y-(4-mr +2 25 
- Hence, with "i -A £es. (I), (22, and (3) give | 
Q- doe A^ aay (0. is 
or | | 
[2y- (2-B) 2]? | | "X | 
= 7.53 eo ERE 7 rsy<] ~ ~ ^—— Aj 
E [2y - (4 -4mrs2] 5 For Ty «1, where rel y^fi Qo | 
(b) Assume yer: | ig | * J 
Thus, A= A, +A, +As | 
From Example 10.5, with D=2r i 
A, +A,= ar (6 vani where O ^ rad and zara 
cos 2 = LA rey | | 
es A= £*(6- -sinB)  (2-2r)y (5) 
Also, P= 2-2r +R +P , where 
from Example 10.5, P+R = GP9 - rg 


Thus, P=2~2r+r6 = 2+(0-2)r (6) 


By n Eqs. (1 , (59), and (€) we obtain: 


a- ESEA dus (0. 00s) 


% 
or 3 
9 08)*(2-2r) | 
Q=7.53 [£(o-sae)« Gor] for oer, where reft, y^fl (7)| 
[2 «(6-2 r] Q^ f E and 0 = 2 cos e el 
[0-50 


O 


/0.52* | (con't) 


The resulis, Q=Qly), are plotted below for r= 0, 0.6, and [f 





Lem 
| nequ r= 1.00 ft 





/Q-5! 






]0.53* | 





10.53* The cross section of a long tunnel car- 
rying water through a mountain is as indicated in 
Fig. P10:53. Plot a graph of flowrate as a function 
of water depth, y, for 0 < y < 18 ft. The slope 
is 2 ft/mi and the surface of the tunnel is rough 
rock (equivalent to rubble masonry). At what 
depth is the flowrate maximum? Explain. - 


2 
Q=K ARS Ss a Mn K= ^79 $= aA = 0.000379, 
and from Table 125 n= 0.025 


(a) Assi me y<12fł: 7 hws, A=!2 y and P=2y+i2 


I2 
so that fy = — "EET 


sg M 2, 
1 % 





Q- 46.0 uw for y </2 where y fl, Q-£ 


(b) Assume 12sy<18 à : 


Thus, A= (2. HY. + B(6H) - A. : Ju 


where „tram Example 10.5 
A= D'(e- sn), with cos # = rt k 


Hence, trom Eg, (3) | L— 121 —] 
/- 20Iff — OS (0- sin8) 

- | y-i2 
f» 201 - I8(0 - sin) H, where O~ rad 


Also, 
P= 3024) +( o OEH = 3€ -&07- 0) fl 


Thus, with hy, = 4 Egs. D, (#) and (5) give 
Q- 422. PLA [20)-/8(e- sin@)] ^ 5/3 
a ONA [36 «6t7-8)] ^ 


A 
Q= 434 - (/ e, for 122 y s/8f1 T where O~rad, 


Q~ g and O7 2c s (227) 


For 0 £y *18 ff calculate Q- =Q(y) from either Eq. (and £g. (à), 
(con't) 





/6 $4 


(0.000374) 4 
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FIGURE P10.53 


(I) 


(2) 


(3) 


(s) 


(6) 


_10.53" |(cor't) 


depending on the nii of y. The resolis trom this calculation are 
given below. The maximum flowrate , Quay = £83 EF occurs 

at y=/Z/ ft. For (ZH cys 18 HH, an increase in depth adds 
only little to the flow area, A, but greatly increases The welled 
perimeter, P. Thus, the retarding force is increased considerably. 





400 


Flew rate, Q (cfs) 





o 5. 10 15 20 
Water depth, y fft?) 


10-53 


10.54 






10.5% |The smooth concrete-lined channel shown in Fig. 


P10.54is built on a slope of 2 m/km. Deane the flowrate 1.0m ae: 
if the depthis y = 1.5 m. 


“ Concrde 


FIGURE P10.54 


K *8 o 2. 
Q=7Ah, 3", wher X=! S,= 2.8 = 0,002, and from Table jo} 4) 


nN = 0.012 

With y=lsm, A= EE T ET 0m) — 6 m^ 

and ! k 
P=LSmt3mtOSmt (17437)? m = 8. Jóm 

Thus, s = fae = 0.735 m, and £e. e gives 





Q- un n T ^to 002)% = = 1/2. 2m 
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10.55 | 


*10.55 Ata given location, under normal conditions a river flows 
"X. with a Manning coefficient of 0.030 and a cross section as indicated 

in Fig. P10.55a. During flood conditions at this location, the river 

has a Manning coefficient of 0.040 (because of wees and brush in 

the floodplain) and a cross section as shown in Fig. P10.55b. 

Determine the ratio of the flowrate during flood conditions to that — 4... 42000 = ioi. nil 

during norinal conditions. Wisi E N A ea eet 








— 1000 ft 
(b) | 
FIGURE P10.55 


) Q,- ny A Ry Ve : where A, - i2 #{(800ft) = 9600 H7 P «2 (21) 8008 


a 
z 824 fl, 
so that Kp, =A, /P, 
os goo RA €24 fH) = 1465 fi 
ree | 
(2) Q,-- aA RS, , where A, = 20ft (&00fl) t 8 fl(Ioo0fl) = 2% 000? 
| f) « 80011 * 1000] * 2 (20fl) » /8 0 fF sc tha} 
R= A/R = 24 0008/84 ott) = 13.0444 
Thus from Egs. (Dand (2) with Soa = Sop 2 


D b. ta Pa is Vas Voca P Ris” 
K Aa REYS Pe fa Ria” 


By vsing the given - calcv]eted dala, 


Qu 0.03 24 ooo fi2 13,04 f4 2/3 
Qa "os )( q, 600 4% ) 11.85 FH ) - 2.02 
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O () 


N 
: i 


du 


|/0.56 






10.56 Repeat Problem 10.54 if the surfaces are smooth concrete T TM 


as is indicated, except for the diagonal surface, which ts gravelly ! 10m 
with n = 0.025. 


= Concrete 


FIGURE P10.54 


z | 
Q-9 9, 7 K ans * Tia A A Rp Raf S , where K=1, 5,7 0. 002, 


Ci). 
n, = 0.025, and from Table 10.1 No, = 2 0I 2. | 


Also, Aj « Comm tso pf Bs (1.0 * + 3.07) 4 


=3./6m 
‘ =A = Lon? 4 
aee 0475m —— 
an ] 
A, (39J(.5m)- &5m* , D, -osm +3m+l.5m=5m 
A2 45 m? 


or hep te, =O. 90m 
Hence, from Eq, 0: 





Q- ggg (^50) (0-157 $(0.002)* to (43090) 50,002) * 
or ; | 
Q= 17.3 Æ 


pr 








Note: With all surfaces concrete , Y= 18.2 m (see Problem 0.6%), 
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| 10.57" 


~ Rubble | 


10.57* Water flows through the storm sewer | 
masonry 


shown in Fig. P10.57 The slope of the bottom is 

2 m/400 m. Plot a graph of the flowrate as a 

function of depth for 0 x y x 1.7 m. On the same 
graph plot the flowrate expected if the entire sur- 
face were lined with material similar to that of a a te 
clay tile. : tou E Clay tile. 
s | | | FIGURE P10. 57 





(4) For Osy =0.5 m: The flow isthe same as thal in a uie pipe. 
Thus, from Example 10.5 with D-Im, K=1, and n=0.0% (Table 0. 1): 





Q= X cA p^ (0- sing a 2m 5 2. (1) Ms (6- sino) ^ 
-No g (4) 3 o^ -& on 400m! c 8 (4^ e^ 
Or m 


Y= 0.251 (6 - (0-sio $ A , where O~rad 
and E 2 cos (es 0) 





(b) For yzosm: 
Y= Q, + Wy F where y-0.5 
. X AR *4 © A th n=O T 
Q- fü l h; o ,W! N, = OH, 
A, = Z(05m) -0393m* | P=7(0.5)=1.57m so that 
R, = = A .0.313m* -0,250 m 








^ — Ls7m 
Thus, 
0,7 5 uz. maces gaz)” =0. 7872 
Also, 
Q,7 No E A T with 479025 (see Table 10.1) (2) | 


A, = (2.5m) (y- "ne 2.5y -4.25 and B.» 2(y-o5) t 2(2)-2y +0.5 
X with Fi. = A ; Eg 2 becames 





54 
-1.25 — 6 igo 2:3) 
Q,- TT (2.5y L25) arima 13,0 (ay+05)% 
Therefore, | 
IB 3 | 
Q= 0.797 +13.0 D25 M fp ys oem (3) 


 (2y1 10.5) ^5 
Plot Q=Q(y) for OzysL7m using Es. () and (3), 


(cont) 
10-57 


10.57* | tco) 


If the entire m were lined wilh material with n =n2” 


0.0/4, 


Eqn. 0) would remain valid. The coefficient "13.0" n Eq (3) would 
become 13. o(&.025.) - 2332. 
(y-0.5) 5 
(2y*0,5) 3 
This result is also plotted (¢.e. Q from Eq, (0 for o«yos , 4nd 
Q from Fo. (#) for 0.5«y 37m) 


Q-0.787 + 23.2 


With n = O. 
y, m 
0.0 7 
0.1 3 
0.2 1 
0.3 3 
0.4 5 
0.5 7 
0.6 9 
0.7 T 
0.8 1 

With n O 
y, m 
0.0 7 
0.1 3 
0.2 1 
0.3 3 
0.4 5 
0.5 7 
0.6 1 
0.7 E 
0.8 2 


3 
z for y? Q. 5m 


025 for pene of 


Q, m3/s 


.552E-11 
.293E-02 
.381E-01 
.089E-01 
.315E-01 
.870E-01 
.837E-01 
.367E+00 
-853E+00 


a for 


Q. m3/s 


.552E-11 
. 293E-02 
.381E-01 
.089E-01 
.315E-01 
.870E-01 
.138E«00 
.822E+00 
.689E*00. 


|DIi pHBpmpmpmpmPo 
- Ov uo £0 N PO D 


For this case, 


the channel 


-) -J O^» UO! UO! i Co CO P2 


.407E+00 
.010E+00 
.649E+00 
.315E+00 
.003E+00 
.708E+00 
»426E+00 
.157E*00 
.897E*00 


the entire channel 


FHuoiÍGDÓLDÓDmPmpmmpmpmpPo 
/|-J 0v On £5 C0. IN) PP. O up 


LEDHPBmPiuc-ov^o0 


.678E+00 
.754E+00 
.894E+00 
.083E-*00 
. 310E+00 
.568E+00 
.085E*01 
.215E-*01 
.348E+01 





(4) 


Nee 
C 
DS 
| M9 ig l i 
10.58 Determine the flowrate for the symmewical channel shown - S5fft ' 3H I Sf 
in Fig. P10.80 if the bottom is smooth concrete and the sides are . NYE 4f — oe 


weedy. The bottom slope is Sy = 0.001. 


, 
Q-Q,*Q, *Q, 7 Q*20,, where Q; = K A RA S$ with K=1.49 
Also, A, = (fit) =/2 AY | A= pon -6fli* Dp -4fl and I275fl, 


T "m 
so that Ra, = A s £8* sn and Fy, = £ 2 2 SH iat 
Hence, with “a 0.012 and N,= 0.020 (see Table 10.!) we obtain: 

| 24 
Q- L9. (12) (3) ^ (o.001) (2) L9. (12) (0.001)% = 119 £ 





0.012. 0,030 


jo-S4 





10.594 | 


10.59 (See Fluids in the News article titled “Done without a GPS 
or lasers,” Section 10.4.3.) Determine the number of gallons of wa- 
ter delivered per day by a rubble masonary, 1.2-m-wide aqueduct 
laid on an average siope of 14.6 m per 50 km if the water depth is 


1.8 m. 


Q= FAR, VS, 


where À = 1.2m (/. $m) = 2./5 m* and 
pzL2mt2(L.8m)-7 4. 8m so that 


R, =A/P » (26m?) /(4.8m) = 0,45 0m 





Thus, with K= L 
2/5 /^, 6m $ E 3 
Q = oe —— (7, M am [E =0,867m "t 


ör 
3500.5 thr | ft? [or | gal 
Q-0877 ( | hr og errs s) : T (ain) 


=19,8x 0° gal /day 
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10.60 ia as 


10.60 Water flows in a rectangular, finished concrete channel at 
a rate of 2 m?/s. The bottom slope is 0.001. Determine the channel 
width if the water depth is to be equal to its width. 





K 2/3 | 3 
() Q= 7 AR, /s, where S, «0.001 and Q=2 2 
Also K=1 and from Table 10.1, ^ 0012. 
For the square channel 
A a^ 


42 za cee .Q 
A =a and hP pe ue 
Thus, from Es.) 

/3 

m?! ay 
2% “9, 012 a (4) V0,00! 
or | 


/ 
a^ um 1,58 
Hence, 


a= hiem 


TEE 


10.67 


10.6/ An old, rough-surfaced, 2-m-diameter concrete pipe 
with a Manning coefficient of 0.025 carries water at a rate of 
5.0 m°/s when it is half full. It is to be replaced by a new pipe 
with a Manning coefficient of 0.012 that is also to flow half full 
at the same flowrate. Determine the diameter of the new pipe. 


Void = = A Ry VS ooid Cj) 
and 2/. 
3 Y. 
EE he Rb Stew (2) 


where Q, AL ERES 
Thus, by equating Eqs. (1) and (2) 





2/3 i 
Nog how . 
A-£D° and R,- Zo" > 
But for a half full pie, and R = 4 Eo 
Thus, 7 


AR, " = Fo (F) a that Eg, (3) becomes 


oa (pt zr 5 £x. CE) Dee) ^ 


Noid | Pnew 
or [8/3 8/3 | 
Dig zi. Drew 
Noid T ew 
Thvs, 3/2 


| 0.012. z 
D, T - (228^ (2m) «52. m 


D = Mew 
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10.62. | 


10.62 Four sewer pipes of 0.5-m diameter join to form one pipe - 
of diameter D. If the Manning coefficient, n, and the slope are 


the same for all of the pipes, and if each pipe flows half-full, 
determine D. 


Q- 76, , where Q, = K AR S, and Qo- É ARA SA, with (1) 
N= No , So, = Soo , A= 80", Ry, = f= BOD 

A,» E(o.5) , and Ry, = D = 25 

Thus, from Ee. (0) 


ALR? = #A, Py, , 
F p? ( 2)* om 4f F (0.s)*( 9.5 )*á 


Hence, 
8/. a 
D'-^4(4). or D=0.84/m 


or 


TE 





10.63 


10.63 The flowrate in the clay-lined channel (n = 0.025) 
shown in Fig. P10.63 is to be 300 ft?/s. To prevent erosion of 
the sides, the velocity must not exceed 5 ft/s. For this maximum 
velocity, determine the width of the bottom, b, and the slope, So. 





FIGURE P10..6.2 


V= $ Where A= aliay ilh 47 155 = 3,56 fl a) 


and 4 = p 45° SA 3 


uc RUM b= 27.3 ft 
TUR SE "n "s r * 0 —— 


| 
Also, y- s 9 : where K=/.49 and from Table 10.1, n=0.025 (2 


From Eq.t, A=g[2(273 ft) + 3.46 f+ 244] (2 #t) =60.0Ff* 





Also, . 
'P=b +h +h, = 273 H+—2tt + -2i = gI fi 


| 0.0f1? 
Thus, Ap = 4 2 $0.08" =/76 ft SO that Eg. (2) becomes 


4249. 24 c Ye 
5-72552z (1.76) S 





J 


or & =F 0.0033) 
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10.64 | 
10.67. Overnight a thin layer of ice forms on the surface of a 
40-ft-wide river that is essentially of rectangular cross-sectional 
shape. Under these conditions the flow depth is 3 ft. During the 
following day the sun melts the ice cover, Determine the new 


depth if the flowrate remains the same and the surface roughness 


. of the ice is essentially the same as that for the bottom and sides 
of the river, | 


“KAR, VS 
Let ( } denote conditions with the ice cover and ( } with no ice cover, 


Thus, 

f. =(40H) (3 ft) = ron? P= 2 (yot})+2(3 ft) = 86 ft 
and Ky. = fh. /P. = [20/5/96 fi = 1.395 fi 

Also, 


A,= #0y P= #0 tay and Ky, =A IR, = Poy K¥otzy) 
Hence since Q =Qn if follows that 

7A, RS YS; =a hy, am Sn 

so that with n;=n, and 5, 2 Son this becomes 

A. R= A, R, 2/3 


Hence, 


Ea 
uu» 

120 (4,35) ut) 
or 


/3 
3.75S = (o3 s 


A standard root- finding compu ler program gives the solviien lo £g, (I) as 
y 7 2.3I fl | 


2 


(1) 
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10.65 | 


10.65 A rectangular unfinished concrete 
channel of 28-ft-width is laid on a slope of 8 
ft/mi. Determine the flow depth and Froude | y 


number of the flow if the flowrate is 400 ft?/s. - 
m | h— 2811 —4 


4 


from Table lol n= 0,0/4 
Also, A= 28y and P= - so that RnB =< 28y_ 


27 
Q = = AR = biu Kz^74, $-:5l- = 0.00/515, and 





Th l. 78 2y +28 
US, 44. 

S | 

0.5Q4 - —J —. 
: (yY +42. 
Henc 6, | oe 
0,458 (y *14) -y 2 =0 " 

The solution to Et (D is y * 2.23 fH 
Thus, 


=l- eo = 6,4 Ë 
Ve Ae  (2810)(2.23t]) TS 
so that 


| sfl 
-V LL S S -0756 
Fr Voy  [92.2£)(2.230]^ 
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/0, 66 


. f 
Mae 


aa 


10.66 Anengineer is to design a channel lined with planed 
wood to carry water at a flowrate of 2 m?/s on a slope of 10 
m/800 m. The channel cross section can be either a 90? triangle 
or a rectangle with a cross section twice as wide as its depth. 
Which would require less wood and by what percent? — 


Q-À AR,” 5,4 a} 
Let ( ). denote the triangular cross-section and ( ), denote the 
rectangular: cross-section —— 2y 


3 10 
Thus, Q.- $7 29 , Sop = St = Goo Naz! /^i " 









~ 


and N.= So that Ea. (1) gives O Las = 
Àr A = A; Ds ; where fi 4 (2) | 
Hence, | 7 : 
Azay”, R= 4%, so that Ry, = am - Zy 

Also, 


A, = 2(2%)%4 = yo R= 2(VZy,) so that Rue 3H 


Thus, from £g.t2): 


| | 2 % | 
2^ (4405 - M (ziz 4); or y 7 0:07 y, 
The amount of wood is proportional to the wetted perimeter, P. 


Since 


— m ML Oo = O00 


the triangle requiresthe same amount of wood as the rectangle 
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10. 67 


10.67 A circular finished concrete culvert is 
to carry a discharge of 50 ft/s on a slope of 0.0016. 
It is to flow not more than half-full. The culvert 
pipes are available from the manufacture with 
diameters that are multiples of 1 ft. Determine 
the smallest suitable culvert diameter. 


ty y 
Q= x AR, "oe where K= L^, 5, 0.00], and (from Table 10.1) 
n=0.012 
For a circular pipe half full A= 2D*, P=ED so that R,=8 = 2 
2 
Thus, 500 = gait (£0°)(B)* (0.001)% | o, D» 512 
To make sure il is not more than half full use the 6 t diameter pipe. 


[0-56 


Mee 


10.88 — At what depth will 58 f?/s of water flow in a 6-ft- 
wide rectangular channel lined with rubble masonry set on a 


slope of 1 ftin 580 ft? Isa ed jump possible under these | 
conditions? Explain. | 





Q = Tw where 
4- by, Reb = bY $ = Ltt 





2yt6 , 500 ft 
an 
n= J" 025 oin s 10.1) 
Thvs, 


£0 - -L aE L2 Gay] S] (0. 002) 
which becomes 


P (2y +6)? (0.948) 


By use of a root-finding computer program, the solvtion js 
y= 2.53ff 








: & - 50 H _ 
Thus V= | 6 (2.53) fF = 3.27 tte 
so that 


E os 3.29 ft/s - 
gy — ((s2.21U7) G.sst)]4 ^ 076? 


Since Fr «1 fd is not possible to lave a hydravlrc jump. 
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10:64 | 


10.692 The rectangular canal shown in Fig. P10.69 changes 
to a round pipe of diameter D as it passes through a tunnel in 
a mountain. Determine D if the surface matenal and slope re- 
rnain the same and the round pipe is to fiow completely full. 





W FIGURE P10.6q 


Q- x A RENS Let ( ),. denote the rectangular channel — (9 
and ()¢ denote the circular pipe 


Thus, since Q- =Q- , Np = Fh (4X, S. 7S. FE Follows from 
Ey. (1) that 


A, Ra = A R P = ang P= b:2(5)-2b 
So that A = de = 
F. 


nd. 
: A.=z#ED and ps 


: Hd Rr rg 
Thos, 2 
(2) D = (FDL pë or D=(Z}h = 0.9#4b 
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10:70 


10.70 The flowrate through the trapezoidal canal shown in 
Fig. P10.70 is Q. if it is desired to double the flowrate to 20 
without changing the depth, determine the additional width, L, 
needed. The bottom slope, surface material, and the slope of the 
walls are to remain the same. 





W FIGURE P10.70 


Initially: Q= A A. Rp5 Ys, 
where A- =(@m)(am) + 2[4(3m)(3m)| = 33 m* 


and R= = +2[VZ(3m)] = 16.49m 
33m? 


Thus, hp, = # TER = 2,00m 
So that 
Q, - XI (33)(2.00)% = 52,4 XE : 


Finally : Qe = A fh, "In ( X,n, S, are constant) 
w lere A; =(3m)(8+L)m + 2]2(GmXt3m] - 3343L m, where Lom 
and — m 





- 3313 
Thus, Rh, = E Ro deii ” 
so that i 
i, XS aoo (usi È a 


But Q; =2 Q; , So that from Eqs. () and (2): 


E 
(33431 T AMI ^ (52.4) = 1048 


A standard computer root -finding program gives the solvtion 
lo this eqvation as 


| L =8,77m 
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1o7t | 


10.71 When the channel of triangular cross section shown in Fig. 
P10.71 was new, a flowrate of Q caused the water to reach L = 2m 
up the side as indicated. After considerable use, the walls of the 
channel became rougher and the Manning coefficient, n, doubled. 
Determine the new value of L if the flowrate stayed the same. 





ar IGURE P10.7 
X 2/3 : 
Q=7 AR, VE | 
Lel ( ), and ( ), represent the old and new conditions. 


Thus, N,=2N, j Â, = 5 (2m) =2 m? I? 7m, so that 
Kh 2A, / P= (2m?) /(4m)= & m 


Als, A=#L*, R=2L, so that R,,=A4,/2 <(el*)/(ar)=L/¥ 
Therefore, using £9.) with Qo=Qn gives 

K 2/3 X 2. | 

No f Mp, S "T fn Ran Son 

or since Sg, = Soo; 

| P» 2. 2/ 

i, A, Ky. : = A, Ry, 
By using the above data this becomes 

| tf ` 27 E 
z5, 549 (5) = pe (2m) (4m) © or L°4= 8 (2 
or 
£=2,59m 
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10.72 


. descends a vertical distance of 35 ft in its 420 ft length. If pumps 


10.72 A smooth steel water siide at an amusement park is 
of semicircular cross section with a diameter of 2.5 ft. The slide 


supply water to the slide at a rate of 6 cfs, determine the depth 
of flow. Neglect the effects of the curves and bends of the slide. 





Q- KAR,S S | where K=/.49, S,- Georr = 0.0833, Q= 6.0 $ | 
and from Table |&.] ns 0.0/2 ` 

Also (see Example /0.5), A= 2- (0 - sine) and 

| R= .D(9 - sip8) where D«2.5fl 


Th m 
US, 
Q- $ S^ ss [n , where O^rad, 
or | (2. s) 94 2 inae 
6,0 SEC (aom ea 8 P Cie | onset ae | 
Hence, 
0.243 0” = (0 - sine) "6  Qoo2s20^-(8-smn0) so  — (1} 


Using a slandard roof- "n technique gives the solution fo Eg. ty) Aas 
Q - 1.574 rad. 


Thys, 6 =(1.574 ed) 192 = 90,2 ° 


or since 
y= 2(1-cos(2 )) i follow; that n D 
-(4& fI) (17 cos (382) - 0.368 fi LL 
y +2 cos $ = P 
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10,73 | 


10.73 . Two canals join to form a larger canal as shown 
in Video V10.6 and Fig. P10.73, Each of the three rectan- | 
gular canals is lined with the same material and has the same 
bottom slope. The water depth in each is to be 2 m. Deter- 
mine the width of the merged canal, b. Explain physically 
(i.e., without using any equations) why it is expected that 
the width of the merged canal is less than the combined 
widths of the two original canals (i.e, b < 4 m+8m= 
12m) 





& FIGURE P10.zs 


Q, = Q, +Q, where for (21,23 
| X 

Q, = Ni: A; Ry Soy 

Thus, 


n. hs bs LER | = Ha Az Rha So, t nf hy, * ys, 





(1) 
Bul N FN FN; and So, = Son = Soz So that Eq. (1) becomes 
Aa Rp = Aa Ria +A Ph a 
MS | b e 
A, = 2m (4m)* 8n p - (24244) <8m so that Rh, = B --m cim 
i 2m owe, B = (2+2+8)=12m so that Rp, = B = bm = |, 353m 
an 
A; = 2b m E - 6.3245) ma SO that Ry. = Be oo. 
Thos, Ee, (2) becomes 
2/5 2 
esl - [6 (1. 333) *8()" = 274 
or. 27, 
b P (3) 


Sen a pee rool- finding technique gives the solvtion to E43: 
0.6 

Tf the two original — merged lo form a I2m wide canal, the 
water depth wovld be less than 2m becavse withovt the two walk there 


would be | less friction force hold the water back. Thus, to Maintain 
the 2m depth we must have bem. 


Leto peu 


= 4m e lA— 8 M ——el be ee 





[0-71 


| 10,74 | 


10.74 Water flows uniformly at a depth of 1 m in a channel that is 
5 m wide as shown in Fig. P10.74. Further downstream the channel 
cross section changes to that of a square of width and height P. 
Determine the value of b if the two portions of this channel are made = wieth= 5 m 

of the same material and are constructed with the same bottom slope. W FILGURE P40.74 





Q,=Qy , where ( ) d ( Jy denole upsliream and downstream conditions. 
Thus, since Q=# A Ry Ys, it follows thal 

X A p 3yz _ X Mec 

Ny A, Rhy ' D fip A, Rp "18, 

Riso, Soy = Sop and Ny = Mp 


ence, 
(1) A, RY = A, nt where A, = (Im)(5m) 25m, P=2(im)+5m = 7m, 


50 that Rp, = A, /P, = Sml TIm = 0, 71fm. 
Also As=b", R=3b so that Rip" A,/R=b/G3b)=3 h 


Thos, From Eg. (i); : 
(Em?) (0.24 m) ^ =y (+6) " 
or | 
bz22.2Im 
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| f Concrete 
10.7.5 Determine the flow depth for the channel shown in Fig. 
P10.54if the flowrate is 15 m’/s. 





MFIGURE Bo mE 
Q = ŽARÉS ^ ; ine K= l, S 5 7 - 0.003, and from Table /0./ 270.002 
Also, A= 3y*d [3¢y-0.5)](y-0.5)=2 žy’ *£y tg it 3(y-0.5)>4 
and : 4 
P=y+3+0.5 t[(y-4) #4(y-£¥ |? 
| = y +35 ——— 0.5) = "nap 92 
Hence » with EE P. and ee 15 F we obtain 








l -2 i ge 
|5 = A5y H,sy 10325). 0,0039  . 
Dorz (+57 #5y | F Tom! E 


d 0.4 | | 
2.0 (*/6y 442) -L5y* -4,5y -0.375 0 (1) 
Using q standard root-finding technique, the solution 1o Eq. (1) iv found te be 

y= [.22m 


Note: Since y «l.&m the water 
does not contact the left 
vertical wall. 
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10.76 Rainwater runoff from a 200-ft by 500-ft parking lot is 
to drain through a circular concrete pipe that is laid on a slope 
of 3 ft/mi. Determine the pipe diameter if it is to be full with 
a steady rainfall of 1.5 in./hr. - 





^ ot 
Q-X ARS S* where K= hug 5, = pen - 0.000568 (1) 


A=£D* and |— kefi EL 





From Table 10.1, n =0.012 
Also, @Q = Ais r, where r = rainfall rale = EI 


Thus, Ih 43 
Q = ROMS 5 in) ( 1. If YCszoes) 23457 i 


Hence, from Eq. (1): 


o&uga o Suri een 


0.012 


or 
D= L6att 
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10.77 (See Fluids in the News article titled "Plumbing the Ever- 
glades; Section 10.4.1.) The canal shown in Fig, P10.77 is to be 
widened so that it can carry twice the amount of water. Determine the 
additional width, L, required if all other parameters (1.e., flow depth, 
bottom slope, surface material, side slope) are to remain the same. 





BFIGURE P10.77 


L el ( ), denote the original canal and ( ), the widened canal. 
Thus, 


2/3 
O Q3 AR, VS, and 
P 
(2) Q= 5 A, his VS, : where P,", and So, = Sy 
Hence, from Eqs. (and (2) 
X, Au yu? Sos A Ys 
(3) Ow . Tw fiw Naw ow wW d where Q -20, 


Q^ XQ R^ qe "^ AVR 
0 No A, Ry, qe 9 ho 2. 58-4 


Also, A," d(stitlo2H)7 i5 gi? 


P= §t+2(3.20f1)= IL4# so that 





a 


X a 
Ry A / Re IST n4 e 1316 ti 47 [2.5* :2*] ft-3.20ff 
an A, “45H +L) HoH D) ers s 124) E 


Ry = Sf. «2 (3.20) (1.9 92)fl. so thal 
m UP Ay /P, = (s 42h) LAA) 
Hence, from Eq, (3) with dw =2, 


(15 +2 L) (15*2L)/t T 


By using a standard root-tinding program, the solytion to Eg. (4) js 
determined to be L= 5.97 f 
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(1) 


10.78 Water flows 1 m deep in a 2-m-wide finished concrete E 
channel. Determine the slope if the flowrate is 3 m /s. im 


L—— 2.» —— 


Q= KAR MVS, where =! and from Table J0.1, n= 0.012 


Also 
A = (lm)(zm) = 2m" 
and 2: 


= 4E 2^ —.— —= 
NP (2mtlm thm) a 
Hence, with Q= 32% Eg (I) becomes 
3 | 2/, 
34. «con (2m2(0.sm ? Ts, 


or 
So = 9,000816 
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(1) 





10.79 Water flows in the channel shown in Fig. P10.79 at a rate 
of 90 ft?/s. Determine the minimum slope that this channel can 
have so that the water does not overflow the sides. The Manning 
coefficient for this channel is n = 0.014. 


BEFIiGURE P10.79 


Q=7 AR, Vs, , where KzL79. 00 and Q - 2of* 





Also, | 
A = (250049) 20 (280 14.2 8 fH" 
an 
UP /L28f 8 
hi P (2th2fl*T(»El)) = ,389fl 


Thus, trem Fq. (1) 
go = LÉE (1428P) 3e? t) ^ s; 


or 
So = 0,00226 
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10.80 To prevent weeds from growing in a clean earthen- 
lined canal, it is recommended that the velocity be no less than 
2.5 ft/s. For the symmetrical canal shown in Fig. P10.90, de- 
termine the minimum slope needed. | 





FIGURE P10. 80 


V- € BS S. where K-L9? and Fi - 4& » 
A - Z(48 +12) (3 #) 2 24 fI* and P» 4 fI 2 (580) - joff 


Thus, Rh = A ae = 1.7/4 ft 


From Table 10.1, n = 0.022 so that £4.) gives (with V=2-5 £) 
L ^ © z 
2.5 -LEE (I. 7H) or 5, = 0.000664 





10.81 The smooth, concrete-lined, symmetrical Channel shown in 
Video V10.7 and Fig. P10.80 carties water from the silt-laden?>>3 
Colorado River. If the velocity must be 4.0 ft/s to prevent the silt 
from settling out (andeventually clogging the channel), determine the 
minimum slope needed. 





i 


FIGURE P10.80 


25 5 | | 
V- JE Py S^, where X=1%9 and Ra = B a 


D» Z8 *I28)(210 2 24 fI* and P 241 *2(58) = 144 


Thus, Rp = PE - 7/4 fil 


From Table l0.i, n.» 0.0!2. so that £3, gives (with V=4£) 


149 


mn 0.012 


a 7H) *$ 65 or S,7 0.000505 
10-91 


d 
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10.82 . Thesymmetrical channel shownin Fig. 
P10.80is dug in sandy loam: soil with s = 0.020. 
For such surface material it is recommended that 
to prevent scouring of the surface the average 
velocity be no more than 1.75 ft/s. Determine the 


maximum slope allowed. 





FIGURE P10.80 


£e 


V= aR, where K=).49 and Rp =A Q 


A=4(4f aan = 24 ft? and P=48+2(5 1) = 1/44} 


Thos, Ry = ae - 17H fl 


With n= 0.020 and V= 1.75 4b Eg. (I) gives 


175 - 2b (1709) S, or S,= 0.000264 
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10.83 The depth downstream of a sluice gate 
in a rectangular wooden channel of width 5 m is 
0.60 m. If the flowrate is 18 m?/s, determine the = 


channel slope needed to maintain this depth. Will 0.6m 
the depth increase or decrease in the flow direc- E qp lo 
tion if the slope is (a) 0.02; (b) 0.01? E — sg ——4 
246 c! | 
Q- X AB, 3 55 , where K=) and from Table 10.1, n= 0.0/2 i 


Also A=Gm)(0.6m) = 3m" P=5m+2(0.6m) = 6.2m 
2 

SO that Ry, = A = = 0.484 m 

Hence, from £q. (N: 


25 . | 
LEE (3)(0.48*) S,” or S, = 0.0136 


With S,= 0.02 20.0136 the velocily will increase and the water 


# 


will become less than 0.6 m deep. 
With S.=0.01<0,0138 the velocily will decrease and the water 


will become greater than 0.5m deep. 


]0-$3 


10.8% | 


10.8% Water in a rectangular painted steel 
channel of width b = 1 ft and depth y is to flow. i 
at critical conditions, Fr = 1. Plot a graph of the 


critical slope, Sọ., as.a function of y for0.05 ft « — y 

y = 5 ft. What is the maximum slope allowed if 

critical flow is not to occur regardless of the h— I — 
depth? 


2 | : 
V= Xp ^ a 4 where K=1.49 and from Table 10.1 n= 0.014 


O 49 
Also, R, =A = 54 and with Fra =| V= Vay 
Thus, ; A | : (2 y41)* 5 
! 4 | 
| 32.2 y= Lu VET ) ie or Do, = 0.00284 | 21 ] (1) 


Equalion (1) is plotted below. To determine the minimum critical slope 


sel a =O. That is’ 


dS (2y41)* p" u(2yslY(2)y -(2y*1Y 
dne -(4)(0.00200) G7? [4299 y - ent? |o 


Thus, y= $ so that from £9.01) 





(247 |? 
S = 0, 00284 |-&:2-.. = 0.00757 
min É meee 


If S, < 0.00757 critical flow cannot occevr at any depth. 
The following valves are obtained from £9.01). Note that 


“ak 
y »=0 °c yO y y= G 


See next Page for graphs. 


(con't) 
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_ 10.8% | (con}) 


Soc VS Y 





5.0 


4.0 


2.0 


1.0 


0.0 


y, ft 


ach Aja de ATA ranna AATE TT ITI e S a i ed ed i ed de c PIA 


€————ÁÁÉP P a ea Tra A I TA a a PPS 


ranana a INN a t d A G e t a tad NP raa aag ad AN t 


— ih AAS A AS AAD AAA DAAN DANO 


So. VS y (expanded scale) 


o o © t N o © O %4 

© oo © oo © o N N KR 

O O O O O oo O O O 

O O oO O O © oO oO. © 

öö o oð o o o oO o © 
90s 


—————————— M ÀÓ €— BÀ À A D Ri 
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10.85 A 50-ft-long aluminum gutter (Manning coefficient 

n = 0.011)ona section ofa roof is to handle a flowrate of 0.15 ft?/s 

during a heavy rain storm. The cross section of the gutter is shown 

in Fig. P10.85. Determine the vertical distance that this gutter must 

be pitched (i.e., the difference in elevation between the two ends > in. 
of the gutter) so that the water does not overflow the gutter. Assume 

uniform depth channel flow. 








tfe. Rut Dm iV neri Ipae t emm PLN VIA A ep: 
xy Foe Qe cei tees : - S , s 
en cm are 








Ec | | 
_ xX 2/3 QL Fob GARE. P10.85 
(I) FAR VS, , where X-49?, n - 0.0, and 
A = (S1n.)(3 in) tz (Sin) (Sin. tan3o’) = 22. 2in. "rus HT 22) 0.1 5^ [^ 
Also, 
Rh = P» where P -Gm)*Gn.)*(7 a = 13.77 in. D zm) =) /46H 
Hence, 154 H? 
— € zz 
R, "oq 0. 134 ft 
Thos, from Ec. U! 
| 2f, 
0.15 = P (o cup) o Ifl) 1S, 
60 ia | | ! 
Ç = 754x107 ) Q 
0 E oI I I M 
Bul th | 
h 
5, * Soft 
SO that 


h -(sofl) s =(SoH)(7.5¢x10") =0,0377H <o,452in 
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10.87 Water flows upsweam of a hydraulic jump with a depth of 

0.5 m and a velocity of 6 m/s. Determine the depth of the water y 

downstream of the jump. d V. 
A m US 


5 -z [trees], where 


F 2M x 6 m/s z 
i lo» WZ.21m/s*(0, 5 m) M 


Thus, 
A -z|- "eor 73.36 
so that 


y, 23.36(0.5m)- 48m 
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10.88 A 2.0-ft standing wave is produced at the bottom of the 
rectangular channel in an amusement park water ride. If the water 
depth upstream of the wave is estimated to be 1.5 ft, determine 
how fast the boat is traveling when it passes through this standing 
wave (hydraulic jump) for its final “splash.” 


Y 


« 2[-12 JI 8007 ] T 


Y, 
Pate ipe FR] 


Thus, Fr, = 1.97, or since m 


V = Fr Jay - ^7] (92.2 = 13.7 > f 


pe 





10.89 


10.89 The water depths upstream and down- 
stream of a hydraulic jump are 0.3 and 1.2 m, 
respectively. Determine the upstream velocity and 
the power dissipated if the channel is 50 m wide. 


Ya _L2m ud. 
eee ey “1+/148F? | o or H7 346 Thus, since Fr”; 


it follows that Vj= (3.16 (4.812%)(0.3m)] *= 5.42 2 
The power dissipated i iS given b y 


7 - YQ, , where B 1-5 E (i-( ZP) 


Or 
h,= (0.3m) - EN C Ge ———-(1- (2 zmy B - 0.504, 





0,3 m 


Also, Q- 4M, » y, bM  (o2mY(som)( 5.428) - gj 3 2 
Thus, 


P= (45 && 3)(8132 *) (0.504m) = go; Kem = 40/ kW 
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z.0ft 


gy" 


Ya 





/0.40 | 


| 109.40 Under appropriate conditions, water flowing from a 

faucet, onto a flat plate, and over the edge of the plate can pro- 
| duce a circular hydraulic jump as shown in Fig. P10,980 and 
Video V10:5Z.Consider a situation where a jump forms 3.0 in. 
from the center of the plate with depths upstream and down- 
stream of the jump of 0.05-in. and 0.20 in., respectively. De- 
termine the flowrate from the faucet. 












Es 


0.20 in. 


pes 
RBA era raa 


0.05 in. 








“wm FIGURE P19.90 

For a hydraulic jump : 
^ =z[-I+ iter? | or 

z V, 
0.20170, tf 2. SOM Sea 
SC" He285] so Pal Fa 3 fy 
This, 
| V = 3./6 | 32.21 (0.05/12)H = 1/6 f 
and a y? 


Q=A, V, =2TR y V, = 27 (B HLEH) (1) = 0.00759 3 
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16.91 Show hat the Froude number down- 


stream of a hydraulic jump in a rectangular chan- 

nel is (y,/y,)°? times the Froude number up- y, Eu ous 
stream of the jump, where (1) and (2) denote the ae E 
upstream and downstream conditions, respec- 

tively. 


Fr roy ,where V4, - V A, Lor Y= byw wy, 
Thus, y 
(aly _ 


Fr = Yo. 


A EC 
(2, 2^ A y S Fa-(À) m 
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10.92 Water flows in a 2-ft-wide rectangular 

channel at a rate of 10 ft?/s. If the water depth Ld ee ee 
downstream of a hydraulic jump is 2.5 ft, deter- y — y Jarek 
mine (a) the water depth upstream of the jump, S 
(b) the upstream and downstream Froude num- 1^ ££ 

bers, and (c) the head loss across the jump. |. Q- 03 j b= width= 2 fi 


$0) Use v - ili 168F - y,=2.S11 so that 
S he EE Now, with Fr,” = 3; on), z (pr 


OF Fs 0.776. _, we obtain 


Sty =y, T "Y e 0.776 Ý „By squaring both sides and simplifying we 


obtain y +2. sy - M which gives y, -0228 f]. 








(b) From ie a results 


fr = oe or Fr, = 8.09 


Also, 
28 


Q_ of ..5f 
a= Ay = Gaseiyany 208 so that Frm (qx gun - [62:2826-550]^ 


T zm 0.223 








(c) Also, V 

| he y [I~ 3% y», t (l -(% Ý I 0.228f1]l- sig" X Eu r2 ) 
or | 
Wag 





10 - ql 








N 
Q 
3 
10.93 
10.93 A hydraulic jump at the base of a spillway of a dam | 
is such that the depths upstream and downstream of the jump 1 Stu 
are 0.90 and 3.6 m, respectively (see Video V10.1l). If the spill- me LP 
way is 10 m wide, what is the flowrate over the spillway? Yi +y =07m Yyo-3.6m 
b= 100m 


=4ļ- VIETTE or DN T i] HI*89 | 


Hence, Fr, = 3.16 , but FE (g WF so that 


V= 316 (258%) ^ ogg m 
T hus, 

3 

Q- AV by, M-(Io0mY03 52342) - 845 2 


10.94 Determine the head loss and power dissipated by the 
hydraulic jump of Problem 10,93. 





AL -f «A -( y) . where from 2 = 3 sd 5 fien] 
Hence, Fr," 3.16. so that 


h, (o.m [i= éR s CHEP (280 psi m 


Also, P=%Qh, , where V, = = (gy, )* Fr, = - [(e.88) (0:20) ^ (s 16 )= 9.392 


Hence, 


P= (9.80 kN, Jt 0.9m (100 m)( «.302) | (151.5)212,5 ook m z 12,500kW 
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10.95 A hydraulic jump occurs in a 4-m-wide rectangular channel 
at a point where the slope changes from 3 m per 100 m upstream 
of the jump to A m per 100 m downstream of the jump. The depth _ 
and velocity of the uniform flow upstream of the jump are 0.5 m 
and 8 m/s, respectively. Determine the value of Ah if the flow 
downstream of the jump is to be uniform flow. 





ene " the jump 


V RSS “Ys, where 5,7 Um = 0,03 


, AR , #mlosm 
Thus = Ph g (4m+0.5m4+0.5M) 0, fm 
e: X 2/ 
Q =A,V, = (4m0 Sm) 7 (044m) Yo.03 


3 


z Km 
() QQ 40188 HR 5 
M 


dk = zf- HUER, when: fr = [p E Eum UM 
Thi d 


$ =k -i+(1 [48 (3.41) -] =4,63 


so that 
y, 7 4.63, 7 44,453(0.5 m) 7 2.3Im 
There fore. 


A sU m) (243m) 7 2,29m ^ and Rh, = F 
so that 


1/ Ys 
Q.- £4, Ry. TS, dientes s. 


or 
(2) Q,* LETH Ks = 
Bul @,=@,, so that from Eqs. (I) and (2) 


0,199 E = 9.67E V5, 


A. 9, 24m 
"(fa tmt2 3) m $2. -2.31m) 





zl, 07m 


or 
h z 0.03 
So, = 0.000378 = om Hence, h 20.0378 m 
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10.46 Ata given location in a 12-ft-wide rec- 
tangular channel the flowrate is 900 ft?/s and the 
depth is 4 ft. Is this location upstream or down- 
stream of the hydraulic jump that occurs in this 
channel? Explain. 


. qood | -V 18.75 | 
V= $- (I 80H80 - [8.75 f so that Fr Gy riye 7^ 5 


Since Fr^l, the location is upstream of the jump. 
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` 


re 


I 
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es, 


*10.97 A rectangular channel of width b isto | 
' carry water at flowrates from 30 =< Q = 600 cfs. | 
— The water depth upstream of the hydraulic jump . V 
that occurs (if one does occur) is to remain 1.5 


. ft for all cases. Plot the power dissipated in the AARL TTS 77 A, 7777 


_ jump as a function of flowrate for channels of 
width b = 10, 20, 30, and 40 ft. | 


P=T0h, , where hayli- E 1-23] 
and Ye p jl 14 [her | , provided Fr, 20 


Also, _. 
Hr, > GE , where y-4- n so that 
Fr, = [62.280.597 = 0.0954 Q Hence, from Eq.) 


h,= 0S1- (4) +o.o0uso E] 0-(%F)] H, where b-t, -£ 


and from Eq.(2 
Ye = -1+ (1+0.0726 (LF F ] 
For the given valves of plot P from 
= 62.4Qh, file for 30€Q<600 gl 


Note + If Fr, <1 there is no jump and P=0. From above, Fh=1 
when EY 71 = /0.4 b 
Let Q, = flowrate when Fr, "/, From &9.(6) we obtain 





3 

b, Q, £ 
JO 104 
20 208 
30 3/2. 
40 416 


Wilh b=10,20,30, or#ofi calcvlate and plot P from: 


a) P=0 if O<Q, 


b) P= 624 Qh "b where obtain h, trom £g. (3) with 
a from Eg. (4) if Q, <Q < 600 É 


(cont) | 
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a 


(2) 


(4) 


(S) 


(6) 


10.42" | (con't) 


The results of the above calculations are plotled below. 


"P, fteib/s 





4.£400 |— Sed EU ENS NE oem: : 
Q 50 100 150 200 250 300 350 400 450 500 550 600 
Q, cfs 
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10.98 . Water flows in a rectangular channel at - 
a depth of y = 1 ft and a velocity of V = 20 
ft/s. When a gate is suddenly placed across the 
end of the channel, a wave (a moving hydraulic 
jump) travels upstream with velocity V,, as is in- 
dicated in Fig. P10.78. Determine V,. Note that 
this 1s an unsteady problem fora stationary ob- = Tec P mr 
server. However, for an observer moving to the FIGURE P10.78 
left with velocity V „, the flow appears as a steady dibb c | | 
hydraulic jump. 





For an observer moving lo the left wilh speed M, the flow appears as shown below. 
Thus, treat the flow as a jump with 


Vi _ _(20+ Ww) VUL f f : 
Fr, = -n h Y2 


(935 e221] * E s 
= gW? jeza] J daN, LV, 
Fr, * 0.176 (20* V) | | "i 
= 2 V. V, | 
n! A, y= A, V2 or A = % = ^ E 


n = ġļ-1+/1 +8F | which when combined with £os.C)) and (2) becomes 


rm 2 "i e 18 (0726 G0 | 


enr Vy (1+(0.248)(204%, f * 
"(40+3V,) = Ve Ti t (0,.248)(20+V,) ], which can be written as 





0.248 WM, +9.92 4? #92" - 240Y -/600=0 | (3) 


By using a standard root- finding program, the solution te Eq. (3) 
is delermined to be. V, 7 4.34 ft/s. 
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10.94 Water flows in a rectangular channel with velocity 


V = 6 m/s. A gate at the end of the channel is suddenly closed 
so that a wave (a moving hydraulic jump) travels upstream with 
velocity V,, — 2 m/s as is indicated in Fig. P10.48 Determine 





the depths ahead of and behind the wave. Note that this is an. E Wok P AUS 


unsteady problem for a stationary observer. However, for an : 
observer moving to the left with velocity V, the flow appears 





as a steady hydraulic jump. FIGURE. P10298 


- - er moving to the lett with speed Y= 22 The 


fl Ow appears 


| : Vu VM | 
Thus, treat as a jump wilh jE eges 228 


V-89 , V -28 p 
, 8R ae f 


Since À, V =A V, or £ Ye = "72m =4 if follows that 


A 


y Eres ]- 4 Hence, Fr, - S44 


However, Fr, = (gy 24 so that 








2 Ww (8 2)? 
Eu e LL S 
and —— 


Y, 7 4y - 4(0.652m)-2.6I m 
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16.100 (See Fluids in the News article titled “Grand Canyon 
rapids building,” Section 10.6.1.) During the flood of 1983, a large 
hydraulic jump formed at “Crystal Hole” rapid on the Colorado 
River. People rafting the river at that time report “entering the 
rapid at almost 30 mph, hitting a 20-ft-tall wall of water, and exit- 
ing at about 10 mph.” Is this information (i.e., upstream and down- 


seam velocities and change in depth) consistent with the princi- 
ples of a hydraulic jump? Show calculations to support your 
answer. 


Ís the given dala consis lent 
with a hydraulic jump? 

V, 7 30 mph 7 ^" fl/s 
V*l0mph 7 *7fH/s 

ya 7 Y, «201! 





From conservation of mass : AV, = AV 
or y, V, = Yy Ve since b, =width = be 


Thus, 
X... Hl/s | 
y r V, imm Mets — 2.99 | (1) 


Also for a hydraulic jymp — 
FH ed(-14]fte re) so that 2.99 - FC TERA) 
E o2 wo 

Thus, since Fr, "e if follows that 
1i Bis y Ye "^ y, = 10.1 so that trom Eq.() 
y, <2.99y, = 2.99 (104 H) = 30.21 


2.44 = 


Hence, the given data gives Yo~Y, 230.2f4- 101 ff = 20.1 tt, 
which is surprisingly close to the reported depth. Ves, the 
data is consistent with the principles of a hydraulic jomp. 
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10.102 Water flows over a 2-m-wide rectangular sharp-crested 
weir. Determine the flowrate if the weir head is 0.1 m and the 
channel depth is 1 m. 





(1) Q = G3 Vag bH™ where bz2m,H-0Im 





/Mso, . 

Cur 7 2 *oo75(£ ), where P= |m-H =/m-O.lm =0.9m 
Thus 

Cup = 0.611 t0.075( gn) = 2619 


So thal from Eq. (I). 


Q = 0.619 (2) 2 (4.91) (2m) (0. im)” = 


] 0-100 


P, 








[373 


10.103. Water flows over a 5-ft-wide, rectangular sharp- 


crested weir that is P,, = 4.5 ft tall. If the depth upstream is 5 | KON 
ft, determine the flowrate. (c StH oon" 


x ! 
Q= Cur F V28 bH ^, where Cur = 0.611 +0.075 (-- ) best 
with 





H= 5 ft-4.5ft =054 

Hence, C ur z O.61l p pert) -0.619 
and | | | 
Q = (0.619)(4) (2 (22.2 ))4 (541)(0.5)% = 5.95 # 








10.10% <A rectangular sharp crested weir is used 
to measure the flowrate in a channel of width 10 


3 | | 
m Q-sof | 
ft. It is desired to have the channel flow depth be 
6 ft when the flowrate is 50 cfs. Determine the - 6i B, | 


height, P,, of the weir plate. 


RR 


b=10ft 


Q=C,, 3 V2g b i. where H=6#-P, and 
Cy, = 0.61 40.075 


Fy 
Thus, oon 
q (oan varo Gp tn 





3 z Y | 
50£ - (o.6 «0,075 ($53) (£) (ev Y* (lo (6- y). where fft 
Hence, 


| 7 f6- 35 | 
[8.15 t (£9) | (e- g) ^- 12.5 =O (i) 


By ysing a standard root-tinding program , the solvtion 


| to Eg. th} 
is found tobe Ry = 470ft. | 


10-10] 


10.105 | 


10.105 Water flows from a storage tank, over two triangular 
weirs, and into two irrigation channels as shown in Video V10.13 
and Fig. P10.105. The head for each weir is 0.4 ft, and the flowrate 
in the channel fed by the 90°-V-notch weir is to be twice the 


flowrate in the other channel. Determine the angle 6 for the second 
welr. 





e FIGURE P10 105 


Q- Cui tan(2 2g y^ 

where | 

0,740 , H, - li, -O^Ít, and Q,-2Q, 
Thus bes Fi ig. pee 


From M (2), 


Sa, 
Cut, Lan (2!) V29 H -C 2 fan( £ 


Wie IS 
or 
e 
0.590 tan 45" = Cyt, tan (2 )*2 
Or 


Cut, lan (2 = 0.295 


Trial and error solution: Assume Q= 20°, 


(1) ] 


(2) 
IZEN 
(3) 


From Fg /0.2), Cug,” 0626 


Thvs, Cw, tan (£) =0.626 tan (10°) = 0.110 = 0.295, This O, + 20° 


Repeated tries result in the graph below from which we conclude iin 
Q,- 53" 





/0-102 
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10.106 Rain water from a parBing lot flows into a 2-acre (8.71 
< 10‘ ft?) retention pond. After a heavy rain when there is no — 
more inflow into the pond, the rectangular weir shown in Fig. 
P10.106 at the outlet of the pond has a head of H = 0.6 ft. (a) 
Deterinine the rate at which the level of the water in the pond ©. 
decreases, dH/dt, at this condition. (b) Determine how long it = 
will take to reduce the pond level by half a foot; that is, to — 
H = 0.1 ft. 





For a rectangular wein 
Q * Co. 3122 bH E where m = 0,611 + 0.075 p 
Thus with baste and P= 24} 
Hu " 
Q 7 (o.€ ta. o5) a Gaz s^. CS FD M 


on 
W Q = 26.7 (0. 611 + 0.03754) H’ HE where H~fi 
(2) Also, Q = -Aona ah - - 8z/xio R^ di 
Thus, -from Egs. (I) and (2), 


JY, 
- gezixio* dt c 24 (0.6lI40,0375 I) H A 
or 


^ J^ -4 3 m 
(3 a = ~307%/0' (061! +0,0375H) H = 1. 97x10 H -115x10 Y 


(a) Wh ep H= OF | 
at -c 8zxto^ (0.4) ^ 1, /Sx10° (0.8) 2 = -9,9/xl0 i (3509 5) 
= 0.324 Ë 


(b) Integrate £q(3) from H=0.6 ft when t<0 fo H=01H whent =T7 


Thws, trom Fa(3) 
fe : Hz0.] 4 


py EY ea exes SL 
£20 ig ^ 1719 aeg go) 
Or 0.8 / E 


u T- ah 


p A U8 7x16" NP t. 15x10? ES] 


36005 


Numerical integration ot EqC4) gives T= 1gaoos (L) 2 5.53 hr 
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(i) 


(2 


(3 


(4) 


10.107 A basin at a water treatment plant is 60 ft long, 10 ft wide, f Q ~ 


H 
and 5 ft deep. Water flows from the basin over a 3-ft-long, H+P, y 
rectangular weir whose crest is 4 ft above the bottom of the basin. | r R= 4H I 
Estimate how long it will take for the depth of the water in the 
basin to change from 4.5 ft to 4.4 ft if there is no flow into the : // i 


basin. 


& =Cyr E VZG b y where b=3# and Cyr =(0.6/1+0025(4 )) 
Thus; 
Q- (o.6u *0.075 (E) 2 12 (32.2 8s) G10H a 


Q- 2.8/ ^ 4 0,301 H^. H7S, where H^ ft 
Also, 

Q= -A Ht = - -(sortiott) dt 
Q- -500 4f 

Thus, from Egs (and (2) 

-6004F e 9.9 +0301 ^ 


ah = - 0.0164 H "nd 000502/ ^ where H=water depth ip channel ^. 
Ths with H= 0.5 fh at ¢<0 and H=0.4H af t=T it follows thal 


J dt = “fd y 
z (0. 014% H^ «9,090502. n) 
ar S Ail 


(0.014 I^ 40,000502.1/7^ 2) 
0» 


A standard numerical inte gration of Eg. (*) gjVes 
T= 20.1 20.1 8 


Note: From £¢, (3), dE - -Q. 00589 Ë t yhen H=0,.5# and -0.00420 £ f 
when H 79.4. At these idles with af Af = -ott we would 


obtain T= -o1t/(4E) ) --0.18/C-0.00584 E) - 1295 or 
 T=-0. I [1/(-0.0045.0 £) 2 23.8 s, which brackets theactval T=20./s. 


10-/0 


10.108 


10.108 Water flows over a sharp crested tri- 
angular weir with 8 = 90°. The head range cov- 
ered is 0.2 = H = 1.0 ft and the accuracy in the 
measurement of the head, H, is dH = +0.01 ft. 
Plot a graph of the percent error expected in Q 
as a function of Q. 


Q-G, lan(2) V29 u^ where O * 40" 
Thus, 

Ln i tan() Veg c, (8) Wu td 
dQ _ 1G, (£)n% +H % 402 at 


Q C, H^ 
Hence, 
Cups a 
Wilh 0.23HsL.0fl and áil- — I calculate | 
= dC 5Q c dH. 
Hf | Ge | wb |a ; 
0.2. 0.60 |-0.100 | 0.123 H 


0.4 | 0.588 |-0.042 | 0.0618 
0.6 0.582 |~0.0/8 | 0,04/4 
0.8 0.5810 |-0.005 | 0,03/2 


-Lo 10.581 O 0. 0250 


The above results are plotted bebw: 





10.10@ | 


10.109 (a) The rectangular sharp-crested weir shown in Fig. “© 
P10.109a is used to maintain a relatively constant depth in the 
channel upstream of the weir. How much deeper will the water be 3 
upstream of the weir during a flood when the flowrate is 45 ft/s +2 
compared to normal conditions when the flowrate is 30 ft/s? Assume =. 
the weir coefficient remains constant at Cwr = 0.62. (b) Repeat the 7 
calculations if the weir of pari (a) is replaced by a rectangular sharp- 
crested “duck bill” weir which is oriented at an angle 0f30^ relative E €i GURE P10.10 
to the channel centerline as shown in Fig. P10.109b. The weir m 
coefficient remains the same. 





In either case 
Q= Cu Z Yzg bH” = 0,6215) 232-2 f5) bH% 
r 


: X) 
Q = 3.32 bH E where Q~ f17s when b^ft and il^ fl (1) 


(a) From Eq. (0 wilh b - 201 if Q- 30flTSs lhen 
30-332 (20) or H,, 70.589 ft 


J 


If Q- *Sfl/s. thon | 
45 -3,32 (20) He or H = 0,772 ft 


Thus, AH= H.-H, = 0.772 H-0.589 Ft = 0/831 
(b) From Eg. (1) with b = 2 (loft) /sin 30°= ¥0ft, (f @=30ft% then 
30 = 3.32 (+0) He or A, = 0,371 fl | 
If Qe 4S HL then 
; 3/2 ! 
4S =3.32(40)H | of Me = 0.486 it 
Thus, AH, = He; -Hp = O.486Ft - 0.371 Ff = ONS Ft 


Note that the “duck bill’ weir gives a smaller change in the head than 
does the "regulae" wei p. 
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[7659 EE 


330.00 Water flows in a rectangular channel of 
- width b = 20 ft at arate of 100 ft?/s. The flowrate ` 

is to be measured by using either a rectangular 
weir of height P, = 4 ft or a triangular (@ = 90°) 
sharp crested weir. Determine the head, H, nec- 
essary. If measurement of the head is accurate to 
only +0.04 ft, determine the accuracy of the mea- 
sured flowrate expected for each of the weirs. 
Which weir would be the most accurate? Explain. 


(a) Rectangular weir: 


Qe (0.61 +0.075 (4 YG 2) ag b ir^ * where B7 ^ fl 


Thus, | : , 
Q= | 0.61 + 0.075 AJ] (2) [2 (32.2 &y (20H) H? 
or 
Q= 107 (0.611 +0.0188H)H, where Q~ = and H~ f} (1) 
in Q</00f this gives 0.935 = "t 611 +0. o1eeH)H@ 
HE S4H)N$ - 947 - =O: D (2) 


By Using a standard root- didis program, the solution ü Eg. (2) ts 
determined to he 


H= 1.29f} 








(b) — weir ` 


Q= Ct E f lan S T. wt a (Bon es [e(z 2 £ LA H H” 


“0 = 428C TU fL P adiu H~ ft and C i is from Fig. 10,24. (2) 
For Q= 100 f£. assume Gyt” 0.58 so that 
428 (0,58) yA , 0r H= 4.39 ff Mole : The assumed C ri =0,58 
checks (see Fig. 10.24) 
Calculate Q for ll- Hio, H+0.04, and Hao 0-04 from Eqs. (D and (2): 
(Rectangular) H, fl | Q,cts (Triangular) H,f! Q, cfs 


254 | 95.3 4 35 98.0 
Moot 1.2.94 100 Hg = 439 100 
1,2334 [049 4,43 ] 02.5 


With Hto.o¢f if is seen that triangular weir is more accurate 
(¢.e. smaller variation inQ). 





10,11] | 


10.111 Water flows under a sluice gate in a 60- 
ft-wide finished concrete channel as is shown in - 
Fig. P10.i!l. Determine the flowrate. If the slope 
of the channel is 2.5 ft/200 ft, will the water depth 
increase or decrease downstream of the gate? As- 
sume C, = y,/a — 0.65. Explain. 





FIGURE P10.111 


Q= bq = bC,alegy , where b-60ft ,a-2FL, and from FigJ0.24- 


Since ae Jof =5 it follows that G= 0.55 
Hence, ie ; 
Q- (cot) (o. ss) 2 f| 2 (32.2 uot] = 1670-8 


Determine the slope needed to maintain indies fie diunlsm 


of the gale’ 


l 
Q=% AR SA, where K-14? and from Table 10-1 n= 0.012 7 
Also, y 26 q =0.65 (2ft)<13 ff air 


so that T h 4oft — 
A " (1. n - 78 fi^, P= (60120.3) fi - 62.68 


. 28fi* zi 
R,= 4 62.6 Ft I 245 fi 


Thus, bu £g, 0: 








2. i 
/670 = AE (78)(1.245) 5 g* or $,* 0,0222 


3 


Hence, the required slope for pi form flow is S,= 0.0222 


but the acluol slope is S,= D T 7 0,0125, ba than reqired. 
The flvid will slow down ini the depth increase. 
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20. 112. 


10.112 Water flows under a sluice gate in a 
channel of 10-ft width. If the upstream depth re- 
mains constant at 5 ft, plot a graph of flowrate as 
a function of the distance between the gate and 
channel bottom as the gate is slowly opened. As- 
sume free outflow. 





ee -. ae, AMA mA S o Modadan ams sesso e 


Q =4b = bGafzgy, , where y,=5 Ft, b= lo fi, and C, is Írom Fíg.10:28. 


Thus, | í , 
Q=G (loft) a [2(22.48 (5 FD]  - 774,8 £ , where a^ fl 


/ SE 
a g| bs cleo 
| d 





O. 6 O 
058 | 5.4 Fig, 10 
i 0.55 98.5 
l..5 3.33 0.53 142 ——— 
2.0 25 | 05! 183 Zh 
2,5 2 9.50 22.4 


Q, fP/s 





| 0-409 


10.3 | 


10.113 A water-level regulator (not shown) maintains a depth of 
2.0 m downstream from a 10-m-wide drum gate as shown in Fig. 
P10.113. Plot a graph of flowrate, Q, as a function of water depth 
upstream of the gate, y,, for 2.0 Sy = 5.0 m. 





MB FIGURE P1683 


Q=be =bC, aV2g9y , where a=/m and b om. 


Thws, 
Q 2 (10m) Cå (Im) | 20.8152) (y, m) - 453 mr where Q^ 


| | when y,~m 
Obtain by trom Fi g. 10.25 wrth 5. E / 


yi,m ya Cd Q, m^3/s 
2.00 2.00 0.00 0.00 
2.20 2.20 0.25 16.43 
2.40 2.40 0.35 24.02 
2.50 2.50 0.42 29.42 
2.60 2.60 0.47 33.57 
2.80 2.80 0.53 39.29 
3.00 3.00 0.53 40.67 
3.50 3.50 0.54 44.75 
4.00 4.00 0.55 48.29 
4.50 4.50 0.55 51.69 
5.00 5.00 0.55 54.48 
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10.11 Calibration of a Triangular Weir 


Objective: The flowrate over a weir is a function of the weir head, The purpose of this 
experiment is to use a device as shown in Fig, P10.to calibrate a triangular weir and de- 
termine the relationship between flowrate, Q, and weir head, H, 


Equipment; Water channel (flume) with a pump and a flow control valve; triangular weir; 
float; point gage; stop watch. 


Experimental Procedure: Measure the width, b, of the channel, the distance, P,, be- 
tween the channel bottom and the bottom of the V-notch in the weir plate, and the angle, 0, 
of the V-notch. Fasten the weir plate to the channel bottom, tum on the pump, and adjust the 
control valve to produce the desired flowrate, Q, over the weir. Use the point gage to mea- 
sure the weir head, H. Insert the float into the water well upstream from the weir and mea- 
sure the time, ¢, it takes for the float to travel a known distance, L. Repeat the measurements 
for various flowrates (i.e., various weir heads). 


Calculations: For each set of data, determine the experimental flowrateas Q = VA, where 
V = L/t is the velocity of the float (assumed to be equal to the average velocity of the water 
upstream of the weir) and A = B(P,, + H) is the flow area upsweam of the weir. 


Graph: On log-log graph paper, plot flowrate, Q, as ordinates and weir head, H, as ab- 
scissas. Draw the best-fit line with a slope of 5/2 through the data, 


Results: Use the flowrate-weir head data to determine the triangular weir coefficient, C,,,, 
for this weir (see Eq. 10.32). For this experiment, assume that the weir coefficient is a con- 
stant, independent of weir head. 


Data: Toproceed, print this page for reference when you work the problem and click Here 
to bring up an EXCEL page with the data for this problem. 





m FIGURE P10.IH 


(conto 


[0-11 





lont | (con’f) 


Solution for Problem 10.1//? Calibration of a Triangluar Weir 


0, deg b, in. P, in. L, ft 

90 6.00 6.55 1.50 

H, ft ts V, fts Q ft^3/s 
0.231 8.2 0.183 0.07 11 
0.224 8.5 0.176 0.0679 
0.211 10.7 0.140 0.0530 
0.192 12.5 0.120 0.0443 
0.176 16.5 0.091 0.0328 
0.156 19.5 0.077 0.0270 
0.136 27.1 0.055 0.0189 
0.106 48.2 0.031 0.0101 
0.091 62.9 0.024 0.0076 
0.088. 68.1 0.022 


Q = VA = V*b(P,, * H) where V = L/t 


0.0070 


Q 2 C4 (8/15) tan(0/2) (29)'^ H?7 where from the graph 


Q=2.76 H?’ 


Thus, C4, 7 (15/8)*2.76/(2*32.2)"* - 0,645 





Problem 10.14 
Flowrate, Q, vs Head, H 


Q, ft^3/s 





H, ft 


[0 7112. 
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= 10.1.5 Calibration of a Rectangular Weir 

: Objective: The flowrate over a weir is a function of the weir head. The purpose of this 
1 experiment is to use a device as shown in Fig. P10.J&£5to calibrate a rectangular weir and de- 
i termine the relationship between flowrate, Q, and weir head, H. 

, oa Equipment: Water channel (flume) with a pump and a flow control valve; rectangular 
weir; float; point gage; stop watch. 

l Experimental Procedure: Measure the width, b, of the channel and the distance, Pw, 
; between the channel bottom and the top of the weir plate. Fasten the weir plate to the chan- 
; nel bottom, turn on the pump, and adjust the control valve to produce the desired flowrate, 
a Q, over the weir. Use the point gage to measure the weir head, H. Insert the float into the 
| water well upstream from the weir and measure the time, ¢, it takes for the float to travel a 
; known distance, L. Repeat the measurements for various flowrates (i.e., various weir heads). 
; Calculations: Foreach set of data, determine the experimental flowrate as Q — VA, where 
i. V — L/t is the velocity of the float (assumed to be equal to the average velocity of the water 
E upstream of the weir) and A = O{(P,, + H) is the flow area upsweam of the weir. 

, Graph: On log-log graph paper, plot flowrate, Q, as ordinates and weir head, H, as ab- 
oOo sciss&s. Draw the best-fit line with a slope of 3/2 through the data. 

: Results: Use the flowrate-weir head data to determine the rectangular weir coefficient, 
pie f] Cwr for this weir (see Eq. 10.30). For this experiment, assume that the weir coefficient is a 
: constant, independent of weir head. 

| : Data: To proceed, print this page for reference when you work the problem and cick here 
! to bring up an EXCEL page with the data for this problem. 

i Point gage 
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b, in. Py, in. L, ft 

6.00 6.00 1.40 

H, ft ts V, ft/s Q, ft^3/s 
0.254 2.2 0.636 0.240 
0.216 2.7 0.519 0.186 
0.184 3.0 0.467 0.160 
0.162 4.2 0.333 0.110 
0.151 4.5 0.311 0.101 
0.111 6.6 0.212 0.065 
0.060 15.8 0.089 0.025 
0.046 23.8 0.059 0.016 
0.031 38.4 0.036 0.010 





Solution for Problem 10.115 Calibration of a Rectangular Weir 


Q 7 VA 7 V*b(P,, * H) where V = Lit 
Q = Cw (2/3) (29) 7 H?? b where from the graph 
Qz- 1.79 H'? 


Thus, Cy, = (3/2)*1.79/(0.5*(2*32.2)") = 0.669 


Problem 10.15 
Flowrate, Q, vs Head, H 
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10.136 Hydraulic Jump Depth Ratio 


Objective: Under certain conditions, if the flow in a channel is supercritical a hydraulic 
jump will form. The purpose of this experiment is to use an apparatus as shown in Fig, P10.116 
to determine the depth ratio, y2/y,, across the hydraulic jump as a function of the Froude 
number upstream of the jump, Fr}. 


Equipment: Water channel (flume) with a pump and a flow control valve; sluice gate; 
point gage; adjustable tail gate. 


Experimental Procedure; Position the sluice gate so that the distance, a, between the 
bottom of the gate and the bottom of the channel is approximately 1 inch. Adjust the flow 
control valve to produce a flowrate that causes the water to back up to the desired depth, yo, 
upstream of the sluice gate. Carefully adjust the angle, 0, of the tail gate so that a hydraulic 


. jump forms at the desired location downstream from the sluice gate. Note that if 0 is too 


small, the jump will be washed downstream and disappear. If 0 is too large, the jump will 
migrate upstream and be swallowed by the sluice gate. With the jump in place, use the point 
gage to determine the depth upstream from the sluice gate, yo, the depth just upstream from 
the jump, y, and the depth downstream from the jump, y;. Repeat the measurements for var- 
ious flowrates (i.e., various yo values). 


Calculations: For each data set, use the Bernoulli and continuity equations between points 
(0) and (1) to determine the velocity, Vi, and Froude number, Fr, = V,/(gy,)'”, just upseam 
from the jump (see Eq. 3.21). Also use the measured depths to determine the depth ratio, 
y2/y,, across the jump. 


Graph: Plot the depth ratio, y2/y,, as ordinates and Froude number, Fr,, as abscissas. 


Results: Onthesame graph, plot the theoretical depth ratio as a function of Froude number 
(see Eq. 10.24). 


Data: To proceed, print this page for reference when you work the problem and click fiere 
to bring up an EXCEL page with the data for this problem. 


_ {0) 







Tail gate 


WM FIGURE P10.116 
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Solution for Problem 10.116 Hydraulic Jump Depth Ratio 
Experimental Theoretical 
Yo, ft y: ft yz. ft. V4, fUs Fr, y2ly1 Fr, Yzy; 
0.855 0.055 0.404 7.19 5.40 7.35 1 1.00 
0.759 0.055 0.386 6.75 5.07 7.02 2 2.37 
0.691 0.055 0.367 6.42 4.82 6.67 3 3.77 
0.578 0.055 0.337 5.83 4.38 6.13 4 5.18 
0.492 0.055 0.308 5.34 4.01 5.60 5 6.59 
0.414 0.055 0.280 4.85 3.65 5.09 6 8.00 
0.289 0.055 0.233 3.95 2.97 4.24 
0.248 0.055 0.211 3.62 2./2 3.84 
For flow under a sluice gate: 
V1 = [2g*(Yo - Yal(1 ~ (Va/Yo) YI" 
Theory: 
yslyy 7 [-1 *(1 *8Fr)) y. 
o Fr = Vagy) 
Problem 10.1165 
Depth Ratio, y;y;, 
| VS 
Froude Number, Fr, 
9 (01 T] |] Ll 
| | 
A T pa E 2 
| | | 
d ossi | ae —————+ € —À re | 
6 ae | betes n | e an "e 
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10.117 Hydraulic Jump Head Loss 


Objective: Under certain conditions, if the flow in a channel is supercritical a hydraulic 
jump will form, The purpose of this experimentis to use an apparatus as shown in Fig. P10.117 
to determine the head loss ratio, /; /y;, across the hydraulic jump as a function of the Froude 
number upstream of the jump, Fr; 


Equipment: Water channel (flume) with a pump and a flow control valve; sluice gate; 
point gage; Pitot tubes; adjustable tail gate. 


Experimental Procedure: Position the sluice gate so that the distance, a, between the 
bottom of the gate and the bottom of the channel is approximately 1 inch. Adjust the flow 
control valve to produce a flowrate that causes the water to back up to the desired depth, yo, 
upstream of the sluice gate, Carefully adjust the angle, 0, of the tail gate so that a hydraulic 
jump forms at the desired location downstream from the sluice gate. Note that if @ is too 
small, the jump will be washed downstream and disappear. If ð is too large, the jump will 
migrate upstream and be swallowed by the sluice gate. With the jump in place, use the point 
gage to determine the depth upstream from the sluice gate, yo, and the depth just upstream 
from the jump, yı. Also measure the head loss, /;, as the difference in the water elevations 
in the piezometer tubes connected to the two Pitot tubes located upstream and downstream 
of the jump. Repeat the measurements for various flowrates (i.e., various yg values). 


Calculations: For each data set, use the Bernoulli and continuity equations between points 
(0) and (1) to determine the velocity, V,, and the Froude number, Fr, = V;/(gy,)'”, just up- 
stream from the jump. Also calculate the dimensionless head loss, h,/y, for each data set. 


Graph: Plot the dimensionless head loss across the jump, /,/y,, as ordinates and the. 
Froude number, Fr;, as abscissas. 


Results: On the same graph, plot the theoretical dimensionless head loss as a function of 
Froude number (see Eqs. 10.24 and 10.25). 


Data: ‘To proceed, print this page for reference when you work the problem and click dere 
to bring up an EXCEL page with the data for this problem. 


Eins Bale Point gage 
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Solution for Problem 10.117 Hydraulic Jump Head Loss 


Experimental Theoretical 

yo, ft y, ft y», ft. hi, ft V4, fs Fry hi/y, Fr, yol ys hi/y, 
0.855 0.055 0.404 0.364 7.19 5.40 6.62 1 1.00 0.00 
0.759 0.055 0.386 0.313 6.75 5.07 5.69 2 2.37 0.27 
0.691 0.055 0.367 0.271 6.42 4.82 4.93 3 S77 1.41 
0.578 0.055 0.337 0.201 5.83 4.38 3.65 4 5.18 3.52 
0.492 0.055 0.308 0.152 5.34 4.01 2.76 5 6.59 6.62 
0.414 0.055 0.280 0.117 4.85 3.65 2.13 6 8.00 10.72 
0.289 0.055 0.233 0.058 3.95 2.97 1.05 

0.248 0.055 0.211 0.042 3.62 2.72 0.76 


For flow under a sluice gate: 


- [2g*(yo - y/(1 - (yul yo] 7 


Theory: 
hy, 7 1 - (Yaya) *Fr[1 - (yy)? 2 
where 


ylyi 7 [-17* (1 + 8Fr,”) "y2 


Problem 10.117 
Dimensionless Head Loss, h, /y, 


| vs 

Froude Number, Fr, 

| 
| 


Experimental 
—— Theoretical 
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11.1 Distinguish between flow of an ideal gas and inviscid flow of 
a fluid. 


he Flow ofan ideal gas imvolves a gas that obeys the 64 a T) 
of state, £9. //. 1 


s £ 


KT » 
and for which mierna! energy Ù, js a Drao of temperature only 
An ideal gas Wy have non-zero viscosi ty. 


The invisejd thw of a +theid wolves a Huid Mal has 
Sero Viscosity, Thal thrid may or may no] be an idea j 945. 
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11.3 Five pounds mass of air are heated in a closed, rigid container 
from 80 °F, 15 psia to 500 °F. Estimate the final pressure of the air 
and the entropy rise involved. 


To determine the finaal pressure, Poj; We can use the ideal 
gas eguator ( 64. 4.4). TÀas, fov constan? mass = density, 


—— Joan ta eun igata “lune | 
£I - — = —— ~- 26.7 psa 
nal 7 ——— 
ne fial 5 Yo "e 
£q./.22. may be used to determine the entropy rise, S-S. Thus, 

5278, = C, In T finat — K/n Be 
7. 
initial "— gy Fem Table 47 


5-5, = (booe Fle Ft. lb J^ T0 R ) -fne tiu ft. faa), 6. t) - 2466 ^fi 


slug. R 5 ¥0 = luo. ^ 15 ps p) Flug. R 


11.4 Air flows steadily between two sections in a duct. At 
section (1), the temperature and pressure are T, = 80 °C, 
pı = 301 kPa(abs), and at section (2), the temperature and pres- 
sure are T,= 180°C, p= 181 kPa(abs) Calculate the 
(a) change in intemal energy between sections (1) and (2), 
(b) change in enthalpy between sections (1) and (2), (c) change 
in density between sections (1) and (2), (d) change in entropy 
between sections (1) and (2). How would you estimate the loss 
of available energy between the two sections of this flow? 


(a) Eg. 11.5 may be used h evaluare the change tn +h Erna! 


energy | ú, - ú, - TWS , y 
» 74720 
i,-G = 6 (h-T,) = (ann T ar L #7- 353k) = n 


(b) £4. 11.9 may be used fo evaluate the change A enthalpy, 
b, - b, . Thus 


2 
wv v E T 
K-L = c C;-T,)= (104 Z y usa - 353k) = mem T 
Z f 24 "y ) hs 








(c) the ideal gas Og ua f? an (Eg: ti - ay be used Y» evaluate 
the density at each sechon . 


es = z . & n 
wn A E AG- £) 
or Ó N 
f+ L (js, vo s) E (304 ¢ ^ ai) --458 f$ 
m "i - (29«5 e (453 k) (353K ) — h? 
From, Table /.9 M 


(d ) Eq 1.22 may be used % evaluak the change in catropy , 
£-$. Thus, 


6-5 = C, /n A Rg In ÉL fot Z J oA Enc] 
7 F; $9 K (353K). 
25 Ks fe 
4-5, = 32606 TJT CURA 
| ko. K 





(cot) 


Since the tlw invelves a signify cant chanse m densita, see 
Solution to Part (€) Above , it is Compressible and E. S 108 
must be usat Y» evaluat the loss in availabk energiy sheen 
sections O) amd (2). So tm £2. S./0E we gef 


2 
v 
53 = u -u, + [pdf m: 
/0 È | Py ) B net 


/» 
and to twnplefe this solehom we need mort prtvmatin So vet 
Can evaluate the tink sya / an d a: z 


Mw 


WS 


11.5 Does the entropy change during the process of Example 11.2 
indicate a loss of available energy by the flowing fluid? 


We combine Ez. 5.106 
di * pa( 5 )- E? net = S(10ss ) 
jn 
with Eg. TG R 
ds «du dt 
Tds Ut p 5] 
to gef 
/ds a Per” d ( bes ] 
and Conclude that it this flow Is adiabatic (44 2°) 


ih 


then entropy change jc related ro hess. 
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11.6 As demonstrated in Video V11.1, fluid density differences 
in a flow may be seen with the help of a schlieren optical system. 
Discuss what variables affect fluid density and the different ways 
in which a variable density flow can be achieved. 


Fov an sdea/ gas : 
e- c 


RT 
So changes in density ewill accompany changes in 
pressure, P, 995 compositon R, andfor temperature, T. 
Variations ın flaid velocity and/or heating and 
Cooling may Tesulf in presure and temperature 
changes. Changes im Get Cmposihon that affec? 
the Valee af the gas Cons tan? , R, will result in 
changes of density, e. 
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11.7 Describe briefly how a schlieren optical visualization system 
(Videos V11.1 and V11.4, also Fig. 11.4) works. How else might 
density changes in a fluid flow be rnade visible to tbe eye? 


Density Variathons in a transpa vent flowing Shard result In 
Vaviahons — 


These. light speed varapons result m changes in light ray 
direction and phase. Changes p Might 

local variations in perceived light brightness , The. 
shadowg raph and schlieren mefhods make vis/bfe 
these variahons in light brightness. An interferometer 
makes visible the local variatons in light ra y phase . 

A pod descr: iption of these three Hw Vizualizahor 
methods may be hund i) The Handbook. ef Flijg 
Dynamics edited by Richard W. Johnson and 
published by the CRC Press (1998) . 


il-5 





11.8 Explain why the Bernoulli equation (Eq. 3.7) cannot be ac- 
curately used for compressible flows. 


Refer to Section 3.8.4 Compressihilit, Effects 


EF 


11.9 Air at 14.7 psia and 70 °F is compressed adiabatically by a 
centrifugal compressor to a pressure of 100 psia. What is the min- 
imum temperature rise possible? Explain. 


The minimum temperature rise would occur with an adiabatic ard 
frictionless process which involves a constant entropy ov isentropic 
flow. According w the second law of thermodynamics, Eg. 5./01 , 
the €nfropy must mcrease or remam Constant during an adjabatic 
process, jif Cannot decrease. The T-s diagram sketched below 

illustrates how the ISentwpice process vesults /n A minimum Jemperaun 


Fise . Put 








/ 

2 adiabatic process with friction 
i 

4 P- 
isentroyi c p 


Compression 


S 


For the ssentropic process , sa A is valid. Thuas, 





^g 
P uif E r (2 p = (530 s) (ltr - 2/7 R 
Minimum 14.7 p514 
and 
T, - T. -9n?-530& - 381 k 
gu = —— 
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11.10 Methane is compressed adiabatically from 100 kPa(abs) and 
25 °C to 200 kPa(abs). What is the minimum compressor exit tem- 
perature possible? Explain. 


The minimum compressor exit temperature wouid occur with an 
Adiabatic and frichonless process which snvoelves a constant 
entropy ev /Séntropic flow. According to the second law of 
Thermodynam/es , Eg. 5.101, the entropy must scvease or 
Yema constant durig an adiabafc process, it cannot 
decrease. The T-s diagram sketched below Mu strates how fhe 
Stntropic Process results in œ flower exit temperature. than any 


actual adiabatfe process between the same pressures . 
| P 
















T 
/-adiabalic process with friction 
s ES 
isentropic 
process | ( In 
| S 
For the isenhdpic compression, we conclude fom &. //.24 that 
k- 
7 = 7. zr 
out., "|n 
Animum ih 
laa 
Or E 
L. 0 (wx) 2999 | 2 wk 
| 
mmimum /00 kPa — 
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11.11 Airexpands adiabatically through a turbine frorn a pressure 
and ternperature of 180 psia, 1600 ?R to a pressure of 14.7 psia. If 
the actual temperature change is 85% of the ideal temperature 
change, determine the actual temperature of the expanded air and 
the actual enthalpy and entropy differences across the turbine. 


Jo determme the actual femperature of the expanded Gir ana the 
actual enthalpy and entropy differences across the turbine we need 
first fo determine the ideal temperature change across the turbine. 
The ideal temperature change acwss the turbine is associakd wilh ab 
adiabatic and frictionless and thus isentropic turbine Cypansion. 

The actual process myles a Smalley temperatwe change As illushakd 
Wilh the 7F- S diagram skekh below. 


T 








isentropic 
process ts 





Eg. 11.29 is vald Ye - isentropic Ha a 
P A. 
Lap = 7 (+ E sik (Inn) ate 


idee / 130 psia 
T 
2 0.85 ua = 7 
2^3 7, ) = (7 in 
ü E 
enm ^ 0 
Lu 0 Os(TR - t e) - 4007 = 105 R 
actual y 
The actual p. diffrence, h Aet -h ,) may be obfuned with €9.1/.9, Thus, 


ES h,. "6L, - PE s (toos £ ft. lb = for m 46067 - -417x10 thle 


actual actual — — — slug 
The actual entropy ditfwence , out sd 205 — with Ep. (4.22. Thus, 


Sut y 5. E 2) - -R nfet) + - fene 41. a A hf (fees) 


or Flug. R e °R Ido pio. 
5 f#. lb. 
Sout R A $17 Flug. OR T Table /. 7 
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11.12 An expression for the value of c, for carbon dioxide as 
a function of temperature is 


1.15 x 105. 249 x 10* 

T T^ 
where c, is in (ft- Ib)/(Ibm - *R) and T is in *R. Compare the 
change in enthalpy of carbon dioxide using the constant value 
of c, (see Table 1.7) with the change in enthalpy of carbon diox- 


ide using the expression above, for T; — T, equal to (a) IO ?R, 
(b) 1000 °R, (c) 3000 *R. Set T, — 540 ^R. 


c, = 286 — 


lov consfan! (,, fhe change m enthalpy ,h,-4, , may be 
evaluated with €g. 1.9. Thus, 


(A-h)- 65-7) 
constan 
fov varying Te Co . the change m enthafpy , h ee be 
evaluated k Eg. M Thus, 


h,-h = I ^ dT - [f "ua. + ne AT 


v v 
l= h )=2% =~ ~~ (7,- Via ^ (s ) -asno Setit d s +) 


T, 7 


/ 


(a) For PY amd T,= SSOR 


= (152 tt le )6se 7-590) =- 1520 l 
lhm. °R. ——— jb 





m 





5 n (e £g ie /b Le Goals sve) (eus xum f rd lb f, (Fr 
Us 


540R 
fau Ai db, (4 s ahs ) 


(i A ) = 1/580 ft. It 
7 varying Ibm 








(con't ) 


M=-4 


W/Z T 


(b) For 7 = 540 e aud T= /5¥0°R 


2 


(^, h,- b, ) =f a a. ) Isqo'- £u) = 152 x0 Fb 
— Deg ep m 


and 
(4, - 4, ) = (75 $+ le _\/ Isok- smR) 
24 Varying lbm. *R 
C, 
' — (15 x10 4-6 D lb 263 











549 R. 
24/4 y Jof F1. IL. ) 
En M Ibm E ($5 v» 
(h,-b, ) = 195 x10” tt. lb 
Varying —————— how 
Ge 


(C)For T = 5S¢¥o0 R aud 7 = 3540 R 
K A 

(I, LI = fie #4 fr. lb (3540 R- S¥O'R) = -4.56 yı) Ff. 16 
4 < Conslant — 


2 








| TEns, *, “72 / bv 
Oo 
oy tt.lg ) (3 Gho R > A. lb 35yo R 
-( 286 3540 R- 540% )_ (1.15 x0 Ft Ib 
Ch,- h, ) varying (2 lm, 2 ae) f pa HR. to 4 EJ 
G A7 Ax10° £t. /6. Ana yr = 
/ó rn 3540'R SR 
v S 
(| L g) = = 630o xio fel 
2 varying Se Ibm 
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11.14 Confirm the speed of sound for air at 70 °F listed in Table 
B.3. 


£4. Ht. 36 1S su i fa ble f caleulanng the speed of Sound jn alr. Thus, 


C= RTA - (176 T4. (b i? 


= 1129 fr 


slug, R / 4^. 5 
Slag, Y ) 
s+ 


From 7«4le P3 


(2128 tt fa ar at 70°F Jhe values ofc are compara ble 
" 
[1.15 


11.15 From Table B.1 we can conclude that the speed of sound 
in water at 60 °F is 4814 ft/s. Is this value of c consistent with the 
value of bulk modulus, £,, listed in Table 1.5? 


The speed of sound jn water 


may 6e appoximated tom a 
hominal value of the bulk modulus, 








Eig , and dens ity, P 
with Eg. 1-38. Thus 
C = JE - eT 
o 1h, = ¥9/2 ff 
(tte nro ) 
From Table B.I m g: z 
C = 4814 ff 
S 
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11.16 If the observed speed of sound in steel is 5300 m/s, deter- 
mine the bulk modulus of elasticity of steel in N/m?. The density 
of steel is nominally 7790 kg/m*. How does your value of E, for 
steel compare with E, for water at 15.6 °C? Compare the speeds 
of sound in steel, water, and air at standard atmospheric pressure 
and 15 °C and comment on what you observe. 


The speed of sound, €, is related ro Fhe bulk modulus of 
elasticity, E, , and density, p, by Eg. 38 as follows 


C= E 
L 


E - eC. Table 1:7). 


VU 


Thus 


and for steel 


Z 
Á 
c - (7720 Aa Jie zd 
m 


Steel kg, "M 
a / s+ 
E, = 219X10 = 
seel = m" 
For waley atl 15.6 ‘C we get frm, Table Ib wn Table 1-7. 
E. - Z46xi09* N 
y^» m> 


Pov watr at lig% 
HER 
wey p 


Ex Ae 






Nv 
2.15xI0" =, ) 





a 1470 @ 
S 


4 a & . 
(979 t ga 


C = 5400 7 which is much higher thah the 
aw Speed of Sound in waler- 


Fw air af $C we get han Takde B. 
ag = 100 nA 
The least. compressi ble material steel, ^ volves the anges} speed of 


sound. The most compressible material, alr, volves fhe Smallest peed 
of Sound. This matches ouy sntuitjon- 


/i-/Z 





11.1 7 Using information provided in Table C.1, develop a table 
of speed of sound in ft/s as a function of elevation for U.S. 
Standard atmosphere. 


We. Cn use e. 11-36 to determine the speed of sound m U.S. 

standard Atmosphere at the elwahons listed in Table C./ Thus, 
C= V RT R 

WS uen o deu D: and R = 1.40 tam Table 17. For absolute 

temperature we add #60 R to F. For affrde - - 5000 f? 

[^v Ft. lb |] c Rn 


slug. R / lb 
l slug. tf 


For all elevations , the Same procedure shown above was used. 
The results are: 





1136 T+ 
E 





altitude € 
IL. "4 
- 5000 1136 
O 1417 
2000 (097 
/0,0 00 1078 
/5, 000 1058 
Zo QOO 1037 
25,000 /01 6 i 
70,000 995 
22000 273 
40,000 468 
45,000 46 8 
56,000 96 © 
60,000 26 8 
7o, 000 Q7! 
8o, 000 973 
40,000 934 
/00,000 941 
150,000 1073 
200, 000 1/028 
Z50, O00 quy 


I -/3 


/1.18 m 


11.18 ^ Using information provided in Table 
C.2, develop a table of speed of sound in m/s as 
a function of elevation for U.S. standard atmo- 


sphere. 


We Can Use Eg. 11-36 w determine the s pee d of Sound in U.S. 
standard atmosphere at the elevations listed th Table C.2. Thus, 


C=\(RTR 
We use R= 286.9 ~~ 
3. 
we add 


and k = 1.40 from Table 18. Fo absolu 


273K to °C. For altitude =-/000m , 


Tem pera ture 





C= Ner 


Bh areena 5K (1-40) 


Cn 2 


- 3994 m 
sS 


For all elevations, the RE procedure was used. The vesylt are: 


altitude C 
m m/$ 

- /000 3 
O 340 

/000 336 
2000 Dam. 
3000 228 
4000 324 
5000 320 
6000 316 
7000 342 
$000 306€ 

F 000 304 
/0, 000 299 
/5, C00 09" 
20, 000 4S 
25 000 298 
30, 900 202. 
40,000 317 
50, 000 330 
60, 000 gm 
70,000 2 
70, 000 282 


M~/4- 





11.19 Determine the Mach number of a car 
moving in standard air at a speed of (a) 25 mph, 
(b) 55 mph, and (c) 100 mph. 


The Mach number is the ratio of local velocity ty speed of sound 
Thus 


lv standard air 


= fers - (Fn Ft. le Pa) (srt A YOR) = 7 tt 
Flug. "e . 


(3600 = 
aod EZ tft 5r E mph 
a fi tt) K - lG "P 
A 


(a) for V= Z5 mph 


Ma =- 2° — 








eum du (9.0325 
161.6 mph 
lb) For v = 55 mph 
Ma . EET eg - 0.0722 
76/6 mph M mute ene 
(CF V= /00 mph 
Ma = (100 "mph = 0/3] 








761.6 mph 
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J). 23 | instantaneous locaton A 


11.22 Ata given instant of time, two of the 
pressure waves, each moving at the speed of sound, 
emitted by a point source moving with constant 
velocity in a fluid at rest are shown in Fig. P11.23 
Determine the Mach number involved and indi- - 
cate with a sketch the instantaneous location of 

the point source. 





| 0.15 m 


A FIGURE P11.2 
The Mach number associated with the mofton of the 


pomt Source m volved ım the sketch above s easily dbi ined 
With Eg. 439 as Shown below. 
Maez: —- 
Sin K 
From the skekh above we nor that 














syy = OOI m 2 O. [m 
g 015m + É 
Thus 
O6.41m 2| $m* 2) 7 (Q4 mp4 
ET 4 =- (0.0m (015m) . 9.0167 m 
(0.01m) — 
Quel 
she 2: O^ a afn 
0.0/67m 
Ya. 


/1~ 16 










11.24 Ata given instant of time, two of the instantaneous locaton 
pressure waves, each moving at the speed of sound, of the point i 
emitted by a point source moving with constant source, 10 in^ € 







velocity in a fluid at rest are shown in Fig. P11.24. 
Determine the Mach number involved and indi- 
cate with a sketch the instantaneous location of 
the point source. 


2 in. 2 C(€ -É an! 


M 
vt 





FIGURE P11.24 


To defermme the Mach number, Ma, we use 


Ma = Vwan 1) 
C É wave 
Howeer from the skefeh above we have 


Clb ue ) € Bins @ CT Cle m ZO. — Shy, 
Thuas, 
CH taste 


anc wi Ih cg./ 
Ma = L9 n. = Q.625 


z /O tù. - 2in. =F Bi. 











8 in. 
Also 
Ma = vt vt 2 0.625 
ct /0 ın . 
Ihas, 


yz «9625 o0 ) = 6:25 ín, 


/[- /7 


11.25 Sound waves are very small amplitude pressure pulses that 
travel at the “speed of sound.” Do very large amplitude waves 
such as a blast wave caused by an explosion (see Video V11.7) 
travel less than, equal to, or greater than the speed of sound? 
Explain. 


The speed of Sound DE 75e speed ar whi ch a+? 


In Lini tesi madl pressure, disturbance tra vels th rough 
Q fluid and jt represents the mins mum speed 
of this disturbance. Fine pressure a'sferbancer 
travel faster than sound waves because the 
larger pressure di fference acts as a driver of 
faster novem ent. 


11.26 How would you estimate the distance between you and an 
approaching storm front involving lightning and thunder? 


One way Jo esmale the distance between your 
and apprea ching storm clouds, x , /s to coun? 
the humbey of seconds, A between seeing the 
lightning and haar thunder. Using 4n 
approximate value of the speed of sound, 
LLIS Pt ( see Table 8.3 ) We cdn Approx imale 
distance, x trom 


K= (ues & Ye) 
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11.27 If a person inhales heliuin and then talks, his or her voice 
sounds like “Donald Duck.” Explain why this happens. 


The Speed of Sound in helium is nearly three times the 
speed of sound in air. 


11-28 


11.28 If a high-performance aircraft is able to cruise at a Mach 
number of 3.0 at an altitude of 80,000 ft, how fast is this in (a) mph, 


(b) ft/s, (c) m/s? 


(b) With Eg. 11.46 


Y= (Ma ) C 
Ane at 80,000 SA in U-S- standard atmosphere, we have 
trom the soflufion of problem 11-16 


C= 978 tt 
S 


Thus 
= tt) = 2930 ft 
V = (3.0 )(978 tf ) 1 
(a) Ther 
600 .5. 
Y= (2.930 E (3600 i) Z000 mph 
(5270 A 
mi 
(e) Also 


y = (2930 £ J)(. 0.3048 p) = 573 @ 





//4-/9 
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11.29 At the seashore, you observe a high- 
speed aircraft moving overhead at an elevation 
of 10,000 ft. You hear the plane 8 s after it passes 
directly overhead. Using a nominal air temper- 
ature of 40 °F, estimate the Mach number and Ł 


speed of the aircraft. 


X=V¢£ 


The Mach number is related to the angle x by Eq. 1133. hus 


Ma = eS = v (! ) 
SIN A C 

Also 

tang = Z 

V+ ( 2) 

Com bining Egs. / and 2 we obtain 

sin X y sin a 

Cos Xx Cc t 
Or T 
MOW 


Then 
n= 
aae / 
UU dcm 
Fur ther 
V = (Ma) ¢ 





= (2.08)(10% @) = 


1716 Ft. ly \ (500% N14) 


- (0% tt 
Slug. ? / lE ~ 
7 5 (^ dtu) Slag. a n 


ar fen E yrs) - 282^ 
(70000 ff) 


| 


i 

N 
S 
à 


2290 tt 
S 
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11.30 Explain how you could vary the Mach number but 
not the Reynolds number in air flow past a sphere. For a con- 
stant Reynolds number of 300,000, estimate how much the drag 
coefficient will increase as the Mach number is increased from 
0.3 to 1.0. 


Considering air as an ideal gas, we can express the Mach number 


Ma, as 


V 
Ma = E -E (1) 


[RTR 
The Reynolds number Re, IS 


Re = «Vd & PV (2) 
A^ RT 
Looking at equations and2 we veason that we can vary 
Ma while holding Re stant by varying V and P only 
with pV held costant: 


From the avaph below we conclude Thot at Re= 3x10° 


the draq coefficient iwemases from 0.47 12 0.75 at Ma 
increases fem 0.3 +0 1,0. 


FIGURE 11.2 The variation of 
the drag coefficient of a sphere 
with Reynolds number and 

9 Mach number. (Adapted from 
Fig. 1.8 in Ref. 1 of Chapter 9) 
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11.33 Starting with the enthalpy form of the energy equation (Eq. 
5.69), show that for isentropic flows, the stagnation temperature 
remains constant. Why is this important? 


Starting With Eg. 5.69 We have 


2 1 a * 
d V.-W. - - W 
m E h. + tut Va * 20,7 2, )]- «a shaft 


in 


/n het Jn 
For isentropic [^w the entropy remains Conthmt 
And Sueno O, Sta fnaf enthalpy is detined OF 
ho = htv? 
Z 

So, fw negl ble chance wn eleva hon (okay ter gases) 
and ho sheft work, "my then 

V 


ho Yemans Constant | 


and since tor an ideal gas enthalpy js a tanchon 
of temperature Only, we conclude that constant 
h, WIC ANS constah ft stagnation temperature 7. 


This constant stagnation temperature provides us with 


a convenient reference property at every location in 
a specific isentropic thw. 
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11.34 Explain how fluid pressure varies with 
cross section area change for the isentropic flow 
of an ideal gas when the flow is (a) subsonic; (b) 
supersonic. 


With the he lp of Eg. li. W Can Comment On how prexeve varies 
With Grea change In an [sen?reyrc How. From Eg. W.47 we obfam 
J 
dp = ØV dA (1) 
(f= MG 7 


(a) For subsonic How, £g.1 Suggests that changes of p Follow 


Changes of A. IF A mereases p crass and vice versa. 


(b) For supersonic Flow, €$./ suggest rhat changcsi OF p are opposite 


© changes of A. IF A increases, p decreases and vice versa. 


11.35 For any ideal gas, prove that the slope of constant pres- 
sure lines On a temperature—entropy diagram is positive and 
that higher pressure lines are above lower pressure lines. Why 
is this important? 


From the second Tds eg uA T ov f Eg. 11.18) we nok that fora constant 


pressure. line 


wv 
eh ur 
ds 
and sine fy an /dea/ gas EG. 11-7 /$ valid , we have 
dh = 6,aT 
and thus 
E". T (1) 
ds Co 


With &g./ we conclude that the slope of a Constant pressure line or 
A temperature - Entropy diagram js positive - 
Further, trom Eg. 1.24 we conclude phat 


eR. 
Fe. fd 
5 7 . . 
for any /Sentrop'c process anol thus higher pres cec Lines ave above 
lowe ressure nes in Temperature On troy, eliagrants. Dis txtormation 15 
Janata? because if Nos us te is f f w ena corre cty- 
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11.36 Air flows steadily and isentropically from standard 
atmospheric conditions to a receiver pipe through a converging 
duct. The cross-sectional area of the throat of the converging 
duct is 0.05 ft”. Determine the mass flowrate through the duct if 
the receiver pressure is (a) 10 psia, (b) 5 psia. Sketch tempera- 
ture —entropy diagrams for situations (a) and (b). Verify results 
obtained with values from the appropriate graph in Appendix D 
with calculations involving ideal gas equations. Is condensation 
of water vapour a concern? Explain. 


This problem is similar to Example 1.5 


The mass Howrate is obtained at rhe throat with Eg . N. Yo. Thus, 
E x^ As Va () 
The throat density Can be obtamed wi th Ez -41-60 - Thus, 


a EET 2 


To determine The throat Mach number we use £3. 1.59, Thus, 


ffs y. ud 


The critical throat ens 1s obtamed with £4 . 1-61. Thus, 


(3) 








x 5 Lt 
s. = d bc PA ( 14. ? psia ) Ex] = 7-76 psia 
1-40 +1 
IF fhe Veceivey pressure. s ) is qveater han or egual To 2 J 
fen P = Dp am the tlw is not choked. LF pc p 
T4 re re ^ ^ 
then p = 2 ana the tlw is choked. 


The velocity at the throat is obtained wilh CGS. [1:36 and 1976 
Combined To yield 


- (4) 
hp, = Map RTA 


where T, iS dbamed witt Eg. 11:56 . Thus , 


io 
E Ie (5) 
" — — 
/ + (B=! Ma; 
(con't 


H- 24 


Peters 


Fo = > Ts 
(Q) r E [0 psia p 


— 


. ; — - 
/ l6 psia P 10 Psia and We use by. 3 7D 


/. 40-1 
Z (19106. 
—n /.$o T 
a (2e -) € Fd = 0.7628 


From &g.2 we ob fa in 


/ 
: / ho - i 
vi = (2.28 x10 24 ) -3 
* = = /. Á 
n #77 1+ ("8 couza) pene ae 
2 


fH 



















From Eg. S we get 
T SIF R : 
m" e w HATIR 
1 + (140-1 
+ (1-¥8-!)00,7628) 
and wilh €g. 9 


Ve = (0.7628 ) J ft- lé (1-40 )( W449 R ) 


mes ef en O EJO FP 
sug. p ) 3 
fr 





Wi Ha E3. / we Obtain 








-7 
mM = (1.807 x0 shg )( 0.05 fe? ) (806.2 £) = 0.0728 Slug 
Ap s s 





Alter nahvely x using Fig. Dl! wh m -(0.0723 ug 32.174 ‘be ) 





P 10 psi m -z 2. [bm 
F 14.7 pyre 
The value of Ma jS 
niq = 0:76 
th 
For May, = 0.76, we Get trom Fig. P.I 
Lo- (0.9 )TF=(09 YWs519%) = 467 ‘ 
Then wit, €4. 7 
Ve = 0,76 1716 FE lb \(1-40 ) (467% 
H, slart TUTE = 50S # 
{as Z) = 
sz 
(con't 
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[con't ) 


fev Ma, s Ob we gef fam Fig d! 


-7 a 
= 0.760 = (0.7 py Sag )= Aj xa Wü 
A £6 2 (074 ) (2-38 xro =Z ) L4 
Now, wih Eg. / we obfaiy 


i -3 i f. E Shag _ 
m = (18 Xie zu (0.08 E N20 f) = 0.076 zy 3 2.49 Pm 








x 
(5) Fer B, = 5 psia SLE = 7.76 psia , fay = 7.76 pic are Maye £0. From & 2 , 


2 / 
ee = (2-38 xto * / 440-1 ; 
fp? > atid "m = 1.509x10 Flug 
a £t? 


from Eg.S we obtain 


T = SIIR » 495.7 5 
th m fidt 
T 
aua wi th Eg. e 





Witt £4 | we obtain 


-3 
m = [^ Sof xo shg (oos 4i flore f) = 0.0763 Slo 247 lbp 
Fn s — = = s 


Alternately, tam Fig. Dil fy Ma = 10 
T = (683 )(55R)= #21 R 


th 
and F - P 
P= 00.64% ) (2238 xmo =, = L52 xmo ts 
77, ‘ fy? — 


fe? 
Then wilh Eg. ¥ 


Vy, = (6 7.4 e 
z xg J 0) (43) B) 


= ft 
Slug. $+ 
st 


(con't ) 
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-~ 


[m36 cont) 


find wilh Eg. / we obtain 





eJ 
m = 11.52. X00 j 0.08 f** /0z 0 f! ES 0.078 Slul = 2,5] lom 
ü fit / y J / = 





Condensation of water vapour is a topic. that deserves further 
$ tudy and discussion . 
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11.3 7 Determine the static pressure to stagnation pressure ra- 
tio associated with the following motion in standard air: (a) a 
runner moving at the rate of 10 mph, (b) a cyclist moving at 
the rate of 4() mph, (c) a car moving at the rate of 65 mph, 
(d) an airplane moving at the rate of 500 mph. 


With a value of Mach num ber Calculated un h^ 
TS. Sec (1) 
We Can Sa ides 
. X i "7. 
£z with P RE e 2-1) Ma? ( J 
Rr c we use tor parts a b. and C 


-: 2 f+./ i 
C = || RTk = (1716 ax (514 e (I. o ) ET 
e (6 f 
( ja (xs 2 Slug, e) 
ellie oo s 
d 4c) = 7é/.6 mph 


(5280 ft 
(@) For V= /0 mph 


Ma = /Omph | = 0.0/3 1 
T6146 mph 








or 


a 


and 


En T me 
7 | + Qu -) 60/51)" I+ 0. d 





(4) Fa v= fom 
Ma = fomph  . 00525 
pow 


Gud J 5G 
3 ———— — 7 
Fs [ i+ erem d "m 


(c) Fr Ve 6S mph 


Ma = 65h _ OOFSY 
764. 6 mph 35 


s | = 0.7949 


a z 


at | ix 


(cont) 


/- 2g 


37 =| (con't) 


(d) Fov airplane we assume a hominal altitude of 30,000 f+ 
, : 
from Table C.I we nofe a Cowes ponding Temperature of - 4783 F 








Then 
- (mé St. lb i m = 4) 
Slug." R 
nam ag ) 
C= 79S f+ 
E 
Ov 
c - (295 E a (3600 st dz) = 679 mph 
(5260 of 
Then tw 
mph 
Ma = se P = O73§ 
678 mph 
IT 


Ea! 
CNET Pap capp Ro D. (46 
" / + 0-2 (0:738)? 
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11.38 The static pressure to stagnation pressure ratio at a point in 
a gas flow field is measured with a Pitot-static probe as being equal 
to 0.6. The stagnation temperature of the gas is 20 °C. Determine 
the flow speed in m/s and the Mach number if the gas is air. What 
error would be associated with assuming that the flow is incom- 
pressible? 


To determine the tlw speed and Math number having been given 


the static pressure to stagnation pressure ratio, E , and 
A 


stagnahon 7 emperature , L for air we enter fig. D4! with 


Ô g 
the given value of 5 and yead the 
Corresponding us of Ma. Thus w Ih £c = 06, lhe 


corresponding value m Fig. Bl j S 


Oo 
~O 


Ma = 0. 


| 


For Ma =08}, Fig. D1 gres 


L . 0.86 
7o 
and thes 


Ts (7 ) = (0.86  J(243&) >= 252 K 





The wn 
V= (Majo = Ma |/RTR = 089 /(286.9 Mere xi 7372) 
or TIE @ ko. 7 
Y= 2803 m 
— Js 


Inspection of Fig. 3.24 suggests that fev this Mach number 


level, the error associated with assuming that the thw 
is in compressible Would! be unacceptably large. 
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11.34 The stagnation pressure and tempera- 
ture of air flowing past a probe are 120 kPa (abs) 
and 100 °C, respectively. The air pressure is 80 
kPa (abs). Determine the air speed and Mach 
number considering the flow to be (a) incom- 
pressible; (b) compressible. 


(4) Assuming mctompressible tow we use Bernoullis ejuanon (5.3.7) 
Jo connect the sthe and Stagnanon states and ger 


5 z(pg - 
| V= [2t&-P (1) 
fo 
With the ideal Gas Cguathon of sak CEg.1) we oth 
= fe 
b RE (2) 


ana tomlin ng Egs . 7 and PA we ob?RIN 


ES 2(B-P) RT 
Fe 


2 [120 4 hPa (abs ) — 80 kalates) ] (286.9 as em ee) 
[1 zo ae T. 
For Mach number we need 
Ma = X o. V (3) 
C RTR 


Ja defermme& T we use fhe eguafion of mdron (E3 1-34) oblin 


T= ge DOED a arak a TEG O E) 


t Z (1-4) (286.9 40 ) Mu 
Rg. k 


Or 





= 27 


“IY 








~ T = 3375K 


(Con't ) 


11. 3/ 


Con't ) 


Wi th £g. 3 we obtain 


zo 287 
Ma = O.72Z2$5 


286.9 M. m PES AMA 4) 


€. 
g m CX) 


(6) For compressible Flow 





















P 4o &/( Abs) 
z = —————— 2 0467 
a /20 ka (abs) 
and from Fig. D.) we Rad 
Ma = 0.78 


Abo fam Fig. DI we vead 


A = 0,849 
Ana thus 
T 2(0.4 )(373K) = 332 K 


Thus , 


"a Mm Y 332. KY) 


MESSA 


V = Ma|/ RTR = @.78) 









S Z 
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11.40 The stagnation pressure indicated by a 
Pitot tube mounted on an airplane in flight is 45 
kPa (abs). If the aircraft is cruising in standard 
atmosphere at an altitude of 10,000 m, determine 
the speed and Mach number involved. 


For 1/0, 000 m standard atmosphere We ger tron Table C.2 


26.50 kha Cabs) 


PF = 
and 
T a 223./K 
Thus 
P = 26.50 kA (abs) 2 0359 
fo 45 bm (abs) 


ana trom Fig. D./ we read 






286.7 ^" Y 223.|k Yr.) 
43. ft 


RG. m 
7 f 


Thus 
ys (Ma)c = Ma [|J KT fe z(04 ) 


Vr" 267 m 
E: 


2 
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/4. 4 2. | 


This is like Example 11.8. 


S ince 2 
A e Fr 
and 
A = 0.4 T x 
then r 
Q.I1 t X 


r = 





2s i 
With Eg. | we can determine 


*11.42 An ideal gas enters subsonically and flows isentropically 
through a choked converging—diverging duct having a circular 
cross-sectional area A that varies with axial distance from the 
throat, x, according to the formula 


A=0] + č 


where A is in square feet and x is in feet. For this flow situation, 
sketch the side view of the duct and graph the variation of Mach 
number, static temperature to stagnation temperature ratio, T/To, 
and static pressure to stagnation pressure rato, p/po, through the 
duct from x — —0.6 ft to x = +0.6 ft. Also show the possible 
fluid states at x = —0.6ft, Oft, and +0.6 ft using temperature — 
entropy coordinates. Consider the gas as being helium (use 
0.051 = Ma = 5.193). Sketch on your pressure variation graph 
the nonisentropic paths that would occur with over- and under- 
expanded duct exit flows (see Video V11.6) and explain when 
they will occur. When will isentropic supersonic duct exit flow 
occur? 


(B 


r values corresponding to values of 


X. The are Summarized in the graph and tables 


duct is choked, 


A^- o1 ft” 
and 

Asie X 

A* 0.1 
With & 


These ÁA values are tabylatd 


A* 


(2) 


2 we can deétyrmuine A values cov ve sponding To values of x. 


x 


23 


Fv helium we enter program ISENTROP wih R=466 and with 
Ma@ values within the range specified in the problem statement and 


obtain values of f, (E3471) x (€9. 2), Z (65.1186) and 


£ (e159). These values are tabulakx and graphed on 


pages that fo/low. 


(con't ) 


‘IN 3Y 


MN. 42 Con t) 
From program | LS€W TROP with R=1.66 
A E$- 2 _ 
Ma y x( Ft) I P 
A To P 
subsdnic solution " 
0,0 51 11.06 71.00 0.9994 0.79794 
0.0 76 7.43 t0820 0.99809 0.99522 
MI 462 + 0.60 0.99503 0.92755 
n2 3 2.61 t 0.40 0.38385 0.95989 
0.460 1-40 70.20 0.93473 0.34336 
/,00 1.00 O 0.1518 8 0.489 08 
Superson € Soluta 
L355 1:40 0.20 0.46827 0. 14833 
2.778 2.60 0.40 6.28195 0, 04 «t 
3.647 4.60 0.60 0.18556 0, 01446 
HEF 740 0.20 0.13282 0.00624 
5.193 11.0 1.00 Q. [0t0 Z- 0.00313 





(con't) 
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Variation of Mach number hy helium 


1]. 4-2. 


(con't ) 


HEH 


| 
Lt 


LLI TTE 

I d 

| cH 
1-9 H----. 





A To. 
ETAT 


HEHHEHHE 
mypévature rat 


E 


T 


t) 
[1] $ 


AL SS ee ee aaa Ss 
Variation of static temperature. b stagnation te 


tor helium 


Variation of static pyessure 1o stagnation pressure ratio 


fov helium 











(con't) 


Wn 





Temperature entropy diagram o helium. 


(con't ) 
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(con't) 


Over- and under-expanded duct exit flows will occur on 
approximate paths sketched on the magnified pressure variation 
graph below when the ambient pressure of the surroundings into 
which the duct 1s discharging is respectively greater than and less 
than the flowing fluid pressure at the duct exit. This illustrates how 
the flow adjusts to these pressure differences through oblique 
shock waves that involve irreversible and thus non-isentropic 
flows. When these two pressures are equal, the flow 1s "ideally 
expanded" and the flow into the immediate surroundings 1s nearly 
Isentropic. 





over- expanded 
NN e ideal |y-ex pa n ded 
| under. expanded 
O 


Il- 3g 


Til ¥3 


*11.43 An ideal gas enters supersonically and flows isentropi- 
cally through the choked converging-diverging duct described 
in Problem 11.42. Graph the variation of Ma, 7/To, and p/P) 
from the entrance to the exit sections of the duct for helium 
(use 0.051 = Ma = 5.193). Show the possible fluid states at 
x — —0.6ft, 0ft, and +0.6ft using temperature—entropy 
coordinates. Sketch on your pressure variation graph the nonisen- 
tropic paths that would occur with over- and underexpanded duct 
exit flows (see Video V11.6) and explain when they will occur. 
When will isentropic supersonic duct exit flow occur? 


This is Similar tb Example 449. 


involves the duct of freblem i- . However the 
sypersonically. We can use values from the tables 
with a litle rearrangement t accoun) fow the 


lhis problem 
flow enters 
of problem li 
supersonic enteving tow. 


Foy helium we have 
From Provan TSENTROP wilh R= 1.66 
— geben ee 
Ma A x (Ft) L P stale 
A* 0 5 
supersonic Solution 
5.143 11.0 -[.00 O. 10101. 0.00313 Q 
4.348 7.4 — 0.30 0.13282 6.00624 
3.64? 4.6 — 0.60 0.18556 0.01446 
2.178 2.6 - 0.40 0.29145 0.0! 
1.855 |.4 ~ 0.20 0.46827 0.14833 
1.0 1.0 O 0.15188 0.48803 b 
1.955 L4 0-20 0.46327 0.14833 
2-778 2-6 o-4t0 0.28195 0.04141 
3647 4.6 0.60 0.16556 0- 01446 
44.44% 7.4 0.20 0.13282 0.00624 
5.143 11.0 |.00 0.1010 60033 € 
Subsonic Solution 
0.460 1-40 0.20 0, 93473 0. 24336 
0.223 2.6) 0.40 0.98385 0-95989 
0-123 UEL 0-60 0.79503 0.98755 
0.076 7.43 0.80 0.99394 0.99522 
0.05! 11.06 |. 00 0.33944 0.99794 d 
(Con't? 
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Over- and under-expanded duct exit flows will occur on 
approximate paths sketched on the magnified pressure variation 
graph below when the ambient pressure of the surroundings into 
which the duct is discharging is respectively greater than and less 
than the flowing fluid pressure at the duct exit.This illustrates how 
the flow adjusts to these pressure differences through oblique 
shock waves that involve irreversible and thus non-isentropic 
flows. When these two pressures are equal, the flow is “ideally 
expanded" and the flow into the immediate surroundings is nearly 
Isentropic. 


over-expanded 
niin cit ly-€x pa n ded 
under . expanded 
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11.44 An ideal gas flows subsonically and isentropically through 
the converging- diverging duct described in Problem 11.42. Graph 
the variation of Ma, T/T,, and p/p, from the entrance to the exit 
sections of the duct for air. The value of p/py is 0.6708 at x = 0 ft. 
Sketch important states on a T—s diagram. 


This is like txample !.10. 


Since x = 
F 


| * 
0.6708 at x2 O js qveater than E = 0.5283 fov ai 


the air flow through the converging- divergmg 


duct 15 not choked. Foy values of A at diflferent values of x we 


obtain covvesponding values of Ma, L ana 
A 


ND 


(a) Fov am we enter Fig, p.! with, values of 
and ee For A* we use 


ð 


A + get Ma, T 
A97 T 


Ee 
A = A) 
A* É 
Cvaluateth at xX=0 wheye A= 0.1 f4#'. We dekrmine A at X= 0 
Ax 
trom Fig. D.I for the subsonic flow value of E = 0.6708, 
e 

we get 
A - oS and thus 
A* 


Ja c4 ft’ = 0.095 m 
1.05 
We the n 


A _ x401 _ XOY 


A* A* 0.095 





Ihe covresponding values of A , Ma 


X 
F19.D.1 ave also fabulakd on the os page - 


(Con't ) 


I~ FZ 


defer mine the 5 yariafión through the duct wi tt. 


(1) 


, Land L fom 
7o 5 








(con't ) 
Witt, Eg. | From Fig. D.I 
X (£3) ^ Ma. I E state 
e e 
-{,0 11.6 0.05 0.99 0.99 Qo 
-0. 3 78 0.08 0.99 0.99 
-0.6 4. f 0.12 0.979 0.93 
-0.4 2.7 0.22 0.99 0.966 
-0.2 I.S 0.44 0.76 0.37 
0 1.0 0.78 0.39 0.66 b 
0.2 LS 0-44 0.96 0.97 
0.4 2.7 0.22 0.99 0.96 
0.6 4.8 0.12 0.99 0.99 
0.8 7.8 0.08 0.99 0.99 
1.0 11.6 0.05 0-95 0.99 : 


la L-LELEL] GEE H | | | 
-HO | |-01  -0^6 2| 19 | TY 0.6 og p- 
HEERA HHE |68 C ne ie | SER Awe P 
| E X1 
Variation of Mach dmm f aii 
00; "Wm "R P 
T HEEE ERREG 
aat HHHH E 
e ER 
"ag 1 LLL 4 CEE 
NERRE PEELE EH 
EECEHH-EEHCHHHIHEEHEA 
| 083 | [ 1-1 | EH HH Lad 
PE S HEHEH 
OECC EE 
FH Fr 4 
| | | HO | T -0b | i | z a 
LT T RT uw 





Variation of Static uu 7p I artir ratio 


Jv aw 
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| 


Variation of static pressure T9 sfagruf?em pressure varie 
| 
ee 
HIER 
a 
4- 
diagram for air 


for air 
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11.45 An ideal gas is to flow isentropically from a large tank 
where the air is maintained at a temperature and pressure of 59 °F 
and 80 psia to standard atmospheric discharge conditions, Describe 
in general terms the kind of duct involved and determine the duct 
exit Mach number and velocity in ft/s if the gas is air. 


To determine the duct exit Mach number , Ma, + , we use 
Eg--59 or for air , Fig, D.;j. = Thus, 


(/ ) 





Ma 
Ov fw ar 
Ma = Fig. D) Value as a funchon of Lexi + (2) 


Cxjt ^ 
To determine Cx, velocity, ER y Wwe use 


Veo E ( Ma, ) T M e ord A& LE R (37) 
A 
W y^ 5 7 
Exi ” gp Mier, E 
m (4 
s *( z JM, 2 
or f» aw 
= Tey; ; 
pe 5 ( fe Value fram Fig. D.I fr Ma s] (5) 


Pexit _ 147 psa 
f Lo psia 
and thus him Frog. D.1, the Corresponding values are 


= 0.1838 


= 9-62 


“|g 
X 


(con't ) 
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45 | (con't) 


Then with &g.5 we obtain 
TEE. (519°R) (0.62 J = 322% 
and with EG. 37 we cunclude that 


= (13 ) [ (176 ft le y 22 *e)( 9) 
leni ( Slug. Slus. ) F EN = 158o tt 
53/49. ae) - 


A converging - diverging Nozzle 1s vegui red because (he exif 
flow is supersonic. 
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il 46 11.46 An ideal gas flows isentropically through a converging— 
diverging nozzle. At a section in the converging portion of the noz- 
zle, A, ^ 0.1 m?, p, — 600 kPa(abs), T, — 20 *C, and Ma, = 0.6. 
For section (2) in the diverging part of the nozzle, determine A;, p>, 
and 7, if Ma, = 3.0 and the gas is air. 


To determne A, we use &].0.71 Or. fov ar, Fig. E Tus, 
tl 


z) ra [ TIL. ) Ma 7 

A, = A, nr - A, Ma | tlh- ) c (1) 
A, 2 I + BH) Ma at 
a) Ug Leto 


(Fig. D./ value of 42 for Ma, ) 
A, = A, a nie (2) 
(Fig. D.1 value f Ay te Ma,) 
A* 








To determae È use £g. 1 59 or a Gir, Fig- D. |]. Thus, 
2 AES] È 
p = ar Po / 4- [mel A; 
^ A Ma, ZIRT 
; iz -/ 
Ov for air, J 
: 5 
p= EE D.! value of Z* fw m (4) 
L 
( Fig Dt vale of á for Ma, ) 


lo determine Ce: We use Eg. Jf. 2 — — aIr, Fig. Df, Jhus, 















£ ——— — 
; kim EE. x: 
/ mak — - 
7 / 
=) f ry ] 
Qv fo air 
T= T (Eia. D. 4 value of zt fw ^; | (6. 
i EEE 
54.2. leads to (Fig D.{ value of z fo^ Ma,) 
A, = (olm?) iss) m SE a” 
£q.« leads jo (^ j = 
l 
ap dot May —— z = 23 hha (ats) 
7 —À 
and &%. 6 Gives 
LL - (293 Æ) (2. 36 2 2 "AK 
(243  ) —— 


1 1.47 

| | 
11.47 Upstream of the throat of an isentropic converging- 
diverging nozzle at section (1), V; = 150 m/s, p, = 100 kPa(abs), 
and 7, = 20 °C. If the discharge flow is supersonic and the throat 
area is 0.1 m^, determine the mass flowrate in kg/s for the flow 
of air. 


we deteymme the Mach number at section(:) wilh 


Ma, = A = p TM (1) 
e RT, R 
For the gas involved itis likely that Ma, is less than 1.0 


because v, is low. Thus, the flow at the Throaf is choked imc. 
the €nleving How is subsonic and the leaving flow is supersonic, Fox 
mass flowrak we use Eg. "0 1o oblan 

e ¥ 

m =p" Aty* (2) 
For throat velocity, V* we use 


Pes / RT*4 (3) 
To obtmn T* we use Eg. 63. Thos, 
T= T, ( ;— (4) 
or fer air, 
an = 7 ( value of TL fen F79.0.1 fa Ma =/.0 ) (5) 
5 7. 


ð 


Jo determine i we use Eg. 56. Thus, 


z = 7 [it ED] (6) 


e 


or ter ar 


7 a 7, 
(Value of T from Fig. pt for Ma, ) (7) 


(Cnt) 


1 YA 


———— 


[1.47 


(con't ) 


To determine. o* we use the ideal 945 eguaton of state (€9.W-1). Thus, 
»* 


* - P 
et = fi (g) 
Fer DB" we use Eg. - 6l. Thus 
p" -p ( 2 iÉ 
o Re (4) 


or tor arr, 
x ¥ 4 
p =p (value of £ hom Fag. D.) fæ Ma 21.0) (10) 


For p we use Eg. 11.59. Chus 


k 
- R- 
R=p [it (5) ma? T (11) 
or fo air 
- F, 
fo = 2) 
(value of E fr Fig. Dt Toy ^ta, ) 


P 
(a) For fir we use €2.! to o578»a 


Ma = (5o 2) —  — — 0.7322 


: E 
286.9 Nm 
( igt ) 





(24344 Yl. 4) 
/ ^ 
E m ) 
Thus the How 15 choked at he throat. Foam £3. 7 MC ob My, Y» 
corresponding value ^ Fb! for Ma, = 0.44% 
c 
7 = PER = 30S K 


e 
(0.26 +) 
Wilh £. $ we obtain 


7" = (305 £) (0.63733) = 254 k 





\ 








Ihu s 
~ oo 
( 27) 
(Con't) 


M- BO) 


(cand) 
Fron €g./2 we Obtain with the help of Fig. D.| 


100 *¥a (abs 
mR = T m = "5 R&Cabes) 


and with e$. /O 


p* = J15 kta lees) ] (0.52828) 


= 60. 8 kEr aes) 
then with P 


? N 
^p - (60.8 ani A. — = 0.83 Rs 
(286.9 Nm Jes m 
x ) d; K 
malty , with £3. 2 we Obf n 
"NN € 2 
m = 6.83 a!) (0-0 m2) (319 m) - 26s F 
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11.48 The flow blockage associated with the 
use of an intrusive probe can be important. De- 
termine the percentage increase in section veloc- 
itv corresponding to a0.5% reduction in flow area 
due to probe blockage for air flow if the section 
area is 1.0 m, 7, — 20°C, and the unbiocked 
flow Mach numbers are (a) Ma = 0.2; (b) Ma = 
0.8; (c) Ma = 1.5; (d) Ma = 3.0. 


We want Jo ascertain 


V, = V abide 
ee OE. 106 


Vinblocked 
To detervmime the unblocked avea velocty , V unblocked ) we use 


- R 
V snl Ocked M blocked a Das (l) 
For ansdipckest "e ne p 
s "V E. fron EG, NSK fM ) @ 
lentlockeed - ( ies ee, 1 I" 


Jo delymmne the blolud awe velocity , ^ locket 1 Me Ute 


Volockoct ~“ hy Tg JJK T retak (3) 


For MA locket we use A blocked and dekymine 
K 


Mablokogy tron EF. (1-77. 


Sem oF 
£4. / /- 77 tor Ma i) hoe! trom A blacked VO5u Ives trial and error. 
x 


A 
Jo determine ‘Aébleked we set 





A* 
Ablecked _ 0, 995 Anblocked (4) 
A* x 
We obtain Aunbleded firm Eg. i171 wil, the gien Valhe of Ma „> | 
ae | un blocked 
To delymine odd we use Eg. 11.56 Yo obfair 
ea 7 7r (5) 
4 = - — p 
(7 (1) Ma, red 
ont j 


Il-82 


[| FE (con't) 


la) For Mai 0.2 we obtain wilt CGS 2 And 1.56 


ee = (2934 )( 0.997206) = 290.7K 
Then with €5-7 we have 


(286.7 pan pa 4) 


Y ; 2) 


«g.29 f^ 
E I 





We use &p$. V. and J]-7/ d» get 


As locked 


AY 
Ang wilh E4. I^ 2/ we obin 


= (0.715 ) (2:7635) = 27.949 





n = 0.20/ 
Wi fh €$- S we get 
= ene ien — = 29066 


/ EP 2.200). 
Wi M Eg. 3 we have 4 t ) 


= Co. 20 256.9 F 
“lackey M (^ Es - 402 


la ijiet 


and 7? 
[ A , 
- 
Vhockeq ^ Vunblecet ) x 109 a Y; 6242 2. - 68.34 mjo) = 0467 
i oa 
Vollbild esr m 


(b) Fr Maz= 0.8 We obtam with E9S2 and 71-56 


Tenblockad 7 (203 2(0. $8652 ) . 260 K 


Then with &%./ we ser 
blocs = 7% )/( 286-9 Ta Eset = 259.4 m 
Ji 
we use Egs¢ And 11.7/ ap m) 
Aiblocked pfo 995 ) (1-293823) = /.033 
A* 
and wilh Eg. lL7/ we obtam 


Wiz £g. 5 we get 
Olecka HCL #-1 (0.813 
(con't)? 


/-53 


ETE | (Qn't) i 
With Eg. 3 we have 


x X $6.4 Mm " 
V locked = (0.83) || Ê : ) (288-8 KH) — 22.) 


d f d. 

anet Rg. 
(Vey ae ae (00 œ (262 = — 258.1 a ) (100) = 1.43 % 
~~, (258.4 x 


(C) Fee Ma - f$. we dbfan wilt, E$5.2 tA 11.56 





wis 


T = (293 4) (0-665) z 202.14 
]hcn wilt cy. / we get 


a 9 Mm 
sau, 73762 III DE Quer 2040 


We use ©5547 and //-7j to get oe m 


Caide = CO.995 1.12; 2) 
A 


and with Eg. 11.7) we Obh 


= LT? 


POA ee g = 1.491 
Wi th Eg, S we set 
ES 293 £ 
"blocs —— © Z0 K 


"rS XAH) 
Witt 22 3 we have 


ue = tf) nre a 8K 1.4) 
ana (' & 2) 


Votocveg ~ Yanblocked ) EA 





= 729.9 2 
* 


(725.5 Z - 427.4 2 joo) m 
Caka 127.4 + 
Cd) For Mg = 3-0 we Obla wilh Eg 2 anol 11.56 


- 0.445% 


Tonbloched 7 “29ZK)CO-35 74) = 1046 K 
Then wilh Ez. | we gef 


Ft: OF EF 4 
Bee im Go) (28 7 en (o. 26r? P A os 6n A 
T 


(con't) 


/1- 54 


(Cont ) 


We use EQ. 4 and 1.71 


A blocked = (0.995 )( 4.2346) = 4.2/3 
A* 
and with £4. (024 we obtam 


M = 
ay) 2.995 


Wilh &4.5 we get 


223 £ 
——— OY TK 
1+ (14-1) 2.995)” 
L 
Wilh Eg. 3 we have 


V = FITS N. m 
blocked (2.9 d (286.9 ae eee 42 gs «p pm 


"te aed 


y £X. 
and 77 
Cochen ~ etia) 100 ~ (6148 $ - 614.9° Hite) =_ nous’ 
V bipedal (611.9 m) 


fie 35 


11.49 (See Fluidsin the News article titled “Rocket nozzles,” Sec- 
won 11.4.2.) Comment on the practical limits of area ratio for the 
diverging portion of a converging—diverging nozzle designed to 
achieve supersonic exit flow. 


From Fig. D./ we see ttal the A /A* vs. Ma curve becomes 
Very steep with increasing values of Ma (very large Increase im 
A/A* needed +o achieve even small gains tn Ma /eve/) 
Suggesting precttca/ limits to area divergence rahó 

rs cheat devices Fe exanyle, using Eo. 1-7, the 


A/A* divergence ratio needed fr ma =5 is 345 / 
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11.51 An ideal gas enters [section (1)] an insulated, constant cross- 
sectional area duct with the following properties: 


T, = 293 K 
Po = 101 kPa(abs) 
Ma, = 0.2 


For Fanno flow, determine corresponding values of fluid tempera- 
ture and entropy change for various levels of pressure and plot the 
Fanno line if the gas is helium. 


This is Similar To Example 1.1/1. For Fanno How of an 
ideal gas we use Egs. 11.795 and 11.76 y» establish, the 
Fanno fine states. Thus, 


"OW UU = 7, (1) 
P 
Co 
and E) 
Was wr mZ) " Rh (E) - 
| A. 
For helium j k = 166 Gna R= waa Mim (Tabte 1.8) anc C dee = 


from Probie, 17.1) . We d'edevad t ^ de constant Value of 


ov by calculating P, with the deal gas eguation of slak (E3.3) 
Eg. 1.56 To obfain 





ana VY, with Eg. 4. For T, we use 
eT = fe _ (243K) NC 

r 2 a- 1 

mA /t( E ea) 


Then, wilh Ey. * we obfam 





= = (7 "* 
V, = 0.2. "1 
For P, we use EG. 11.59 to gef sà 1.66 
-i 





1.66 
«i do -4172kh 
FR /; + (Ry ej _ 101 Ra(abs)/ T 46 yo zi 2 khao) 


and with &9.3 we obtain 


ww 
A (97.72 x10 3 a 0.1627 £3 
/ 
Thus 2 value of pv +s 


(2077 em \6a9.26) m 
- (2./627 E. ? yim: m)z 324? ai 


hd 
(con't) 





Il-5 7 


Con) 


E $ 2; becomes ty heliuna 

£ a of /^ 

ca (wey Ff 
22d 29 e L2 2927 





2 (5224 <= ) p> 
A 2072 2] 
OY 
wu 
Where T i$ in K&  Qnd p is im &. 
 ?79 
Eq.2 6Ccames fev helium 
S =F dc % MA. * )^( -(2077 Mm \ fp | fF | (7) 
227.2 49.4 K ) 47.22 Sd 


where T ?5 tn kK anel P 1S in Rta labs). 
With EGS. 6 and 7 we comshuct the tabl of values Shan below. 


P [R% abs) ] T CK) 3s y ) 
70 286 630 
60 223 405 
50 279 I ZiO 
40 273 1550 
30 260 1400 
15 50 Z060 
zo 234 2179 
Ig Z25 Z200 
/5 209 Zi? 
10 1649 (923 
20 4 147 1650 


200 





Tk) 


100 -——- | = 
Fanno line for helium 





1500 2000 


O 500 000 


[$2] - 


11.52 For Fanno flow, prove that 
dV _ fk(Ma?/2)(dx/D) 
V. 1 = Ma? 


and in so doing show that when the flow is sub- 
sonic, friction accelerates the fluid, and when the 
flow is supersonic, friction decelerates the fluid. 


Starting with &g. VW. 95 we have 


t fir koa) MÈI Ma?) 4 £4 mmrdx 2g qu) 
v? Ma? - 2 


From Eg. 11,1] we have 


dè) = ILYS a + (ka) ma? | (2) 
Ma > y? 2 
Combining EgS, / and 2 we oo tain / 


z(m*w) ao" - f! * (-!) ma? f o/s EE Madr 2 0 (3) 


2 
or 


$ (Mai) dh) ṣ i Ma? dx 


y> D 
and 
d (V?) = Ma* fk dx (4) 
ye ( Ma? 1 ) D 
Howe ver 
div?) = avay (5) 


Pw; combining Egs. Z and5 we get 
JV. £&( *)( £) 
r /- Ma? (e) 
When the flaw is subsonic ( Macs.0) | Eg. 6 leads to a = + And fhas 
tricthon xcce(etrsaks the Slaid. On Ihe olte hand when phe Haw 


ÍS Supersonic (Ma > 1.o 24, EJ. E leads 7o d V Z- and 45 Ihis Case 
v 
Pie han decelerafes the Slaid . 


/-- 27 
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11.53 Standard atmospheric air (7, = 59 °F, | the values of static temperature, static pressure, 
Py = 14.7 psia) is drawn steadily through a fric- | stagnation temperature, stagnation pressure. and 
tionless and adiabatic converging nozzle into an velocity at the inlet [section (1)] and exit [section 
adiabatic, constant cross section area duct. The (2)] of the constant area duct. Sketch a temper- 
duct is 10 ft long and has an inside diameter of ature-entropy diagram for this flow. 


0.5 ft. The average friction factor for the duct 
may be estimated as being equal to 0.03. What 
is the maximum mass flowrate in slugs/s through | 
the duct? For this maximum flowrate determine | 


This js Similav bo Example Ure. As explained in CXample 11.12, 
the max;mum flowrate through the ouct will occur when fhe 
Constant area duct chokes and the Mach number AF the auc 


exit [section(2)] is 1.0. The maximum fowrak can be obfarieod 


wih i 

m=fAAU =AMY (1) 
We nofe that 7 iS constant throughout The Cntre flow Sivtle 
the tow is adiabatic. Thus, [,,2 7,, = 9/9. Abo, P, is 


constant in the con verg ing 7037/6 but decreases Through he 
constant area duct because of friction. Thus, P , = 4.7 ptia. 
foy choked Flow 


f£(£,-£) = Canny (er? 2 = 06 = X (47-4) 


E O.S £ft D 
and fro» Fig.D.2 








UIE Can reaa values of Ma, ) K , V, / and F The n 
i 7 * 2 p» ? * <a! 
" 2 ; 7. 1-63 Since ba " Co» i. 4 


TEM - (Har YEW = pae - L 
2 
4nd V =V, can be dthymined with 
; Mcd a 
Var? = (1716 ! o fb 432% 11-4) 4) 
(/ /6 
ing. tt ) 


Slug, 














(con't) 


/l- £0 


| 414.53]  €on't) 


» 
For F-X J = 2.6 , from Fig. Bez. Wwe vead 
D 





| Ma, — 0.57 


7, = 4.43 C2) 
7 * 
V 
"uy € 8 (3) 
A = (86 (4) 
Fy 
Be = KEZ, CS) 
4 


From €4.2 we get 
T = (113 N4322) = 493°R 
With E3.3 we obtain 
E a f 
Y = (0.6 )(1oz0 ft) = ere a 
With E9.5 we have 
¥ ‘ 
MES fsi I4: ín _ 12 psia 


Aia —— /.22 
To deter mine P, we Cnkt, Fig. D» wilt Ma, = 0.57 aud read 


A 


, 


- 0. [Į] 


Qua 2 
p= (0.8 M7 psia) = 14.3 psia 


wi tt, 65.4% we obtain 


atep * ÉL. - "fP" . 63€ prin. 
1-86 /. 86- 
Wi fo, E>. / we have Z 

«4 | 
"UE UB psia Qon m Jr O54 Nez tt ) 222449] 
Po = 14.7 psia RT 4 nid 
500 I= 579°R ( !?'6 ft get (4 P] 
sd - TR Fag e A PARU 


P= “U8 psia a, : 6.34 psie = p* 
à | 


s P 
Tle es 
( Fanno oy -g T YIRT” 
init S e S Pd 





400 
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11.54 The upstream pressure of a Fanno flow venting to the at- 
| mosphere is increased until the flow chokes, What will happen to 
| the flowrate when the upstream pressure is further increased? 


kenno Finy 


^v = £ Mal[RT A = constant 


Fe a 


Also «4t any one axial locaton 


"M 


Jak (A) Ma 


N |N 


raf rm in img we ge f 


AV = e Ma K E dl = constant 
cue] Pe 


So for any one axial lez. hiv of the fiw where The 


Ma level is the "et v is also the Jame but 


P js higher . Thus ev ho uds higher xx jee 
conclude that ereas me 71. "m Pess uve of a choked Fanno 


flw hto the atanphee vetula m an increase of Fioweate alte 


Following The prenda gf Example Iil one torte 
plot G S€ries af Fanno lines X. diff. Wer of 


[Boreae | init pressure . 


/1- 62. 
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11.55 The duct in Problem 11.53 is shortened by 50%. The duct 
discharge pressure is maintained at the choked flow value determined 
in Problem 11.53. Determine the change in mass flowrate through 
the duct associated with the 50% reduction in length. The average 
friction factor remains constant at a value of 0.03. 


Ihis IS like Example /.!3. We guess that the shortened pw 
will still choke and chCck Cur assumption by c omparing p, 


with p* Lf Py <P T the flow is choked. Lf nof, 
another asSumpfhion must be made. For choked flow we 


Calculate 
For unchoked flow, 


Or tm The solution of Problem 14.54. 
we must devise another Strategy, 
For choked flow 
Ff (4-4) | (0.03)(5HI 4, F&-4? 
^D | Co.5 f7) D 
From F’9. 0.2 we read 





Ma, = 0.66 

Pins a (1) 
7 * 

M = 0.7 (2) 
yt 

A [6 

m^ ^ (3) 


With Ma, = 9. 66, Wwe ener Fig. D./ and read 
FÉ, = 06.25 


Thus | 
EZ =(0.75 (14.7 psia) a Fi A^ 
(Con'é) 


N- 62 


[155 


(con't) 


and wilh €%-3 we obtain 


"2 Pie | 
p = P, = E = AA a = 668 VALLE 
/.6 1-6 
Since 
i 2x«.f [ssa > P, = 6-37 psia 


The flow js | Chekeg a5 assumed. 






7 = T Can be obtaifed wilt, €4./.63 swce T, is constant. Thus 
r" o. "PE = p= (S19G°R) = ¥72°R =Z 
£r 4 +1 
BAd C aV” cam de deerme ih 
sue us x E ft. 1 
V. = g RT" Ln | Kee Aum 2 /020 f* 
uv (^ s 


slus, T» 
Wi th €3. / we have 


_ Ke im. 
7 a> 4 = Ct pm (ite 2 J TÁ 5020 &) 
| d (7 7/6 7J 


At 732 ^) 





OY 
S 
The Change in dass tHowrale IS 
m -m 
S ft ro ft 0.268 TUI 0.244 ou? 
a) FO = Ss (/00)- 4 29, V 
m u 


to t¢- SIE ^ 


The mass Flowrak — ("n Crtasecl by Q.9 2, when [ee mbe was 
J ho kened 55 50. 
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11.56 If the same mass flowrate of air obtained in Problem 11.53 
is desired through the shortened duct of Problem 11.55, determine 


the back pressure, p,, required. Assume f remains constant at a 
value of 0.03. 


This is Similar To Example liid. Since the Same mass 
flowrate achieved im Problem /^5l is desired with the shoriened 
duct of Problem 1153, we need te achieve the vahie ot Ma, 
Obtammed in Problem 11.5/ . Thus, for the Same value of Ma, AS ^^ 
Piwelas 1.5) we have 


Fa.) = 0-6 
D 





[fowwer, 
£e) — FCA) £0.75) 
D O D 
Ow 
FETU) . 5. ones) 5 2 LL sa 
D o.S ft 
Wi th F CLA) = 0.3 we enker Fig. D2 and read 
D 
á. = 1.6 (/ ) 


The value of pP" hunie (n Problem 11.53 is shti valid, 50 
p = e 48 Po 
and wilh Ey. 4 we get 


P =(16 (628 psia) > Ul Pia 
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11.87 Ifthe average friction factor of the duct 
of Example 11.12 is changed to (a) 0.01 or (b) 
0.03, determine the maximum mass flowrate of 
air through the duct associated with each new 
friction factor and compare with the maximum 
mass flowrate value of Example 11.12. 


(Q) for f=0.0!1 we have 


I5 _ O0) Rm) 
D (C. /  ) 
and nm Fig. D.2 we redd 


OL 


Ma, = aT (1) 


V, 
y* 
From Example /1.12 


77 =2¥Ok 
and 


= 6.73 


v* =- 3/0 vm 
oi 
/ 


Thus, with £3.! we gel 


(L1 )(24¥0K) = 264k 
and with E¢ 2 we obtain 


(0.73 )(310 ™) = 226 = 
3 s 
To determine P we enter Fig. D-{ with Ma, =0.7 and read 


A _ on 


7) 


Thus , 
p, = (0.72 [lol tta labs)] = 72.7 ffa (abs) 
To determine the mass flowrate we use 
^ «phus É 1 PEN 23: a iin A d o RN 
4 286.4 a m Yea) 
(con't)? 
N-.66 


1.57 (con't) 


For f= 0.03 we bave 


fr4*-4) : (0.03 )(2™) - O6 
D g (Olm) 
Ond on F19. D.2 we vead 





Ma = 0.57 
T Li //3 
7* 
V = 06 
Vy * 
Thus, 
pag (240k) = 2718 
= s m 
V = (0.6 2670 7) - (86 = 


From Fig. D.1 we read for Ma, = 0.57 


p= (08 M to Ka (abs) ] = $/Rfa(Gbs) 


To determine m we use 


N L 
ji ud 1D? y (a1 x10? X )® (0.1m) (146 2 ) — 
RT, 4 hu SS 


(286.4 m 271K YD 
Rg. K 
The maximum (choked duct) H#lovrates for different values of F arve 


m = /-70 RI 
{= 0.01 s 

m = 1.65 f3 
f= 0.02 Y 

fh - 452 fj 
770.03 S 


/l- 6 F 


MMC ME QE ce ae ene erga 


11.58 Air flows adiabatically between two sections in a constant 
area pipe. At upstream section (1), py, — 100 psia, Tg, = 600 °R, 
and Ma, = 0.5. At downstream section (2), the flow is choked. Es- 
timate the magnitude of the force per unit cross-sectional area ex- ———————————————————— 
erted by the inside wall of the pipe on the fluid between sections 
(1) and (2). 


Constant area Pipe 
contro! volume 






flow fvem(1) to (2) 


The control Volume sketched above is used. Applying The Axial 
component of the linear momentum equation ( 69.5.22) to the 
contents of this conto! volume we get tor the force exerted by the 
pipe wall on the fluid, Rz, 
R. = PA-pA t+ m(v- 
Or 
Ry 
A 
lhus we need P,P., p, V, and v, 
(A) For ar we enter Fig. D.) wih Ma, = 2.5 and gef 


= P = PrF pv (4% -V,) (1) 





lo. 0.95 
To | 
and 
Foo. 0.84 
F, 
Thus : 
= (0.95 )(600'e) = 579%R 
€ 
= (0.8¢ )(10opsin) ~ 84 psia 
Ma|/&7& = 0.5) irmi f+. ma eS sas tt 
514g. R (" lb 
and 4f-. x) 
xs 8 (f4 psia (144 m. -— gius 
, T3 


A 
a 


(1716 $ i le LE ) 


"fn d) 
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At sechon (2) the flow is Choked. Thus we use the x state of the 
Fanno flow, Fig. 0-2 fy sechon(2). entering Fig. D.L with MG =0.5 


we read 
A 22/4 - f 
p? 5 
and 
V 2 0.54 = 5 
y * V. 
Thus a í | 
P, = wee 84.2 psía. ) 34. 4 psia 
2.-/ (2.14 ) 
and 
X (se £t ff 
a = a = (5% # ) = m—3 
0.54 (054 ) 


Now wilt, £43. | we have 
a sme psi (pt im) - (39-4 psia (144 =) 

£ lb 
+o 0124 u ) (525 fi bgs ft ego a 
s> 


ând 
Kx . 2930 h 
A == 2 
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11.59 Cite an example of an actual! subsonic flow of practical im- 
portance that may be approximated with a Rayleigh flow. 


jhe flow throug A the combiner cla Gas tar bine 
engine is sometimes O- foro X Iva ted with a Ka leigh 
flow. 


H.60 | 


11.60 Standard atmospheric air [T; — 288 K, 
po ^ 101 kPa (abs)] is drawn steadily through an 
isentropic converging nozzle into a frictionless and 
diabatic (g = 500 kJ/kg) constant cross section 
area duct. For maximum flow determine the val- 
ues of static temperature, static pressure, stag- 
nation temperature, stagnation pressure, and flow 
velocity at the inlet [section (1)] and exit [section 
(2)] of the constant area duct. Sketch a temper- 
ature—entropy diagram for this flow. 


For maximum tow, the Rayleigh flow is choked. lor the jsenhmyic 


nozzle 
i> 7 = 288k 








B = B = 101 Ra (abs) 


Jo detevmine the static state aft fhe nozzle exif Kayleigh thw inet 
we need the value of Ma,. To dekrmre Ma we use 


he 2 ^, , = 7 > e CL. * 1, ) 


Or / MN. rm 
00000 —— 

p7 i + 15 = Soe Uf £L 299k = 78K K 

7 (1004 Mm EE 
Ég. Kk 


and noting that fr choked flow , Z = Dä we get 





A = ^. = ots = 0.77 
lo 2 Sa 786 K 
/ 
Wi th 7a, 1 - 027 we enfer F19-0.3 and read 
Io, a 
Ma, = 0.31 
F = 2.l í) 
Fa 
L.292 (2) 
la 


(cont) 


M- Fl 


V, = 02 
V. (3) 
Fo, = 419 (4 ) 
hs 
With £3. 4 we obtain 
2 OR. Q l'UE) _ 34.0 kfa(abs)= p 
0,0 He = ——— — 0,2 


1.19 
With Ma = 0.31 we read from  Fig.D., 


FE 

a £c 5096 

5, iil 
and 

7 

+ = 0.98 

A (6) 
With Eqs. $ and & we, get 

P-(oqu | tst AGEI)] = 75 ka(abs) (7) 
Gnd 


7, = (0.784 )(288kK) = 292K 
Thus 


V z Ma, [RT k = (0.31 ) (286.4 Ky JGs2r5n.«) 2/0470 (9) 
Em. : 
( ie) 
s> 








Combining £37- | end 7 we ebfain 








Pa (Abs 
k = f Ee = 4S $^. abs) =f 
$e. 7 new 2 —— a 
Combining Eqs. 2and l we have 
2 = a z (253 & ) = 674K = la 
0.42. (0.42 ') 


Combining £95. Band F we have 


"E. 22) y 2 
y= ; 


aó, = J = S20 ™ s MW. 
0.2 5 


TI d 
C. 2 
(cont) 
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|/L6O |(con't) 


lo skekh a T-s diagram we obim S -s, ham 


/ 


$-$ = Ch B- R mn P 





- 7 P 
Oy 
ak any: E 95 lake 
Qna 
5,75, = 1090 Nm 
ay K 
$00 
B= 4S ie (abs) 
T(k) sketch of Tark 
Rayleigh line » s 27 
600 ( not t? s cale ) iid / 
p / 
it 
400 p=95 kha (abs) 
2 T,= 292K 
Z00 





N~FA 


ETET 


11.61 Air enters a 0.5-ft inside diameter duct with p, — 20 psia, 
T, = 80 °F, and V, = 200 ft/s. What frictionless heat addition rate 
in Btu/s is necessary for an exit gas temperature T} = 1500 °F? 
Determine p, V}, and Ma, also. 


To determine the heat transfer rate we use the energy Guation 
(Eg. 5.62 ) jo get 


Ql per p (5, ^, ) ~ ^n C, i E la ) (1) 
in 
for mass flowrate we use 
m a & *TE (2 
Jo determine Da and 7,, we use Eg. n.6. thus , 
P / 
To (9) 


/ *(-1) Ma? 


or tor air 


T = f(Ma) i Fig- D. 1 (4) 

ô 
To determine E we use 

= Pa E 

R7 (BY / (5) 
where with Eg. 11.123 foy Kayleigh Flow 

P. Itk 

d J+ k Ma? (€) 
or tyr ar 

Po. f(Ma) m F9 P3 (7) 


A 
For exit velocity ,V, , we use 


= Ma, |/ RT,’ (8) 


We determine Ma, with 
V 


Ma = V = 
! C / 


/t- 24 


(4) 








Mg) art = 


and we determye Ma, with 

ha L/T 

7. P / ( 7 / (10) 
and &.11.j2¢ for Rayleigh Flow, namely 

Y = tk) Ma ] 

la /t £& Ma? 7 

or for ar with 
02) 


4 2 f(Ma) on Fig.d3 
. 
A 


For aw we determine Ma wi Eq. 4. Thus, 
(200 (200 £f) | 
= 0.18 


Ma, z 
(1716 Ft. Ib ng 7 se au (540 °R (1.4) 


Slug. "E 


[A 
For Ma =9.18 we read Oh Fig. Dd 


70.99 
72 
Thus 
Ma SHR . $957 
E 0.9? 
With Ma, = O18 We read A Fig-B.3 the vanes 
L = 0.17 
Ta 
ând 
E. sem m 


fa * 
Thus with £9.10 we obtain 


(THES (nn ) = 062 


7 
la. S¥0R 


(con't) 
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1.61 | (con't) 


we get from Fig. D-3 


Fov p 2 O62 


e. 








Ma, = 0:40 
Qna 
A = 196 
5 
Wilh Ma, - 0.40 we read Qn Pig. D'I 
h. & $517 
lo 
Thus 
Bao ZUP le" DODE 
e 077 


Then with Ez. we have 
p appia- je ) 217 piia 


Wi th 6g. we have 








z x /à 
Y =(0o.40)/ (17% VI ef 4) —- 
I hp. ft ) ibo 
S* 


With &g. 2 we get 
- 2 2 
: : ft 
(20 psia )( 4 a J 7r (6517) (200 £ - 0422 sh 
J 


(1716 tH. 16 (5402) (4) 
<a) 


and with &%./ we obtain 
ft. 20208 - SYS R 
ENa £45") = (390 Btu 





0.122 "T 6006 
Sy Cee Rn Iu i 
/» (778 f? ./6 
Gre 
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11.6 Air enters a length of constant cross 
section area pipe with p, =200 kPa (abs), T, = 
500 K, and V, = 400 m/s. If 500 kJ/kg of energy 
is removed from the air by frictionless heat trans- 


fer between sections (1) and (2), determine p.. 
T,, and V,. Sketch a temperature—entropy dia- 
gram for the flow between sections (1) and (2). 


Jo determyjne the state of the air at section(z) we use the 
energy eguation (&%.5-69) to calculate The value of a Thus, 
Gner ` hos : ho, A (Toya f lo, ) 


"n 





Or y 
ne 
oa = ple or =- E A ii (1) 
cp Cp Í , 
We obiun T,, fom Te which we vead from F19. P.I with 
: [Y | 
Q value of Ma, . we deftrm.ipne Ma, with 
Ma = v = v, 
Á / RT k (2) 


With Ma we also enter F19.D.3 and read values of 


Then we determine To, 2 with 


f ) i ) A and LX edo 
Fa Ta Va 7, A p^ 
2 GE (3) 
ba hı lo a 


Value ol f we enker Frig. 2.3 and read 


la I 
values oF 2 ) 2 j and “2. Then ve 
« a VA 


With This 
Corres ponding 


determine yv and Vv With 

g^ 4 (4) 
h(E) FE) (s) 
y= (4 c y lE) 
" E jJ (con't) 


/- *3 


Gnd 





(con't) 
We use &%.2 w get 
Ma = (oot) 0 = 0.89 
/ 


(286.9 Mm \(S00Ky(1-4 
RG. K / N 
d. 


For Ma = 6.89 we get from Fig. D.I 


T afk 
1,1 
Thus, x (sp) _ sni 
0,4 
(ese ) 


and with &g./ we have 


és. (foto ur) + GOK = BLK 
(1004 = ? 
-— ) of Vead 
Wit, Ma=099¢7 we enker F19.D.3 an 


= (./9 


i 
la 
T - 402 
Ta. 
V, 
Va 


= 09 

and 

7. 

ES 079 

To 

‘ * 
Now with lor = 0.99 and G3 we obfain 

Tha 
LE - (Be (0.99 ) = 0,14 
loa S79K 


(con't 


1-344. 


(con't ) 


which has as - corresponding values in Fig. D3 Of 

Ma, zu. (8 

A - 23 

Ba 

h z 0.17 

re 

And 
Vz - 0.07 
Va 


With these vahos ana those rahos Corresponding 70 Mq, = 0.85 we use 
Egs. 4, 5 and6 to sbtain 


E =(2.'3 n ) Co Ete] = 404 kia (abs) 





1,02 ai 
and 
y= (o2. QALLE.. reg) = 3/ m 
0.9 > Su is shgbtty lancer than 
Note that according w our caleulahions, T, =§32k AZ =K. 
. 2 
This is not correct and is a result of fhe accuracy 


associated with using the Graphs. 
For more precision we ascerí the value of Ma, Enowmg 
lo > using €g.U.131- Ars? however, we determme [at know ng 


E. Za 


Ma, with 63. 134. Thus, 


(^t &Ma* ) [t+ go mpl 





3 |s 


^ 


C 


0,9708 





(con't) 


N 


» 
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mez | Cont) 
Now we use &. 11.56 to dekymine E . Thus, 
o, ! 


j / 
= 0.8624 





D 
Te (t RI Ma * Se 
-€— efi EJ 2 
EU (4-1) (0,993) 
tina / 
Z,7 i = Sw) ck 
d 0. 8624 0 £624 


Now with E-I we have 
I 
hu 7 “me ; 57.8K 


P 
(a 2 
ty. | x) 


lor = (em l-74 ÉE 
0,1908 Rr 0./ 
$ Jf ) 298 


= 8? 74 K 


a 





PL 75.6 EC 
With Eg. 4.134 aua To, 2 = 0.139) we get 
75 
Ma, = 9.1776 v 
Then with E3. ll.12£ and Ma =0.813 and "e we get 
7 Adie ~ Lien - £43) bs 
le J+ kma” / 4- (1. 4 Vo. 993) 
Gna 
Fe _ [C4447 (8.1778) a 
A ^T (f. V) 0,4776). 


(con't ) 


/- 8o 


T. 62 (con't) 


Now with £4.69 we have 
L = (0.1666) YR) = O/T K 
1.0 26 
ana 
T, = Ilk < T,= 87K 


if Should be. 


AS 
For our 7-5 skert. we use E3. 1174 to calkulate 2-5. Thus, 
$»-£ Gab- Rha RÀ zT [n anw) 
and 4 P, 29.k $00 IE 
£.$ = = 2030 T — 2264 3 s fanan 
R9. K d; (2001) (aos) 
P. * 200 ffa(abs) 
(1) 
500 T »500K 
doo i 
x Rayleigh line 
300 
T(K) Pe 404 fifa (abs 
d P4 





11.63 Describe what happens to a Fanno flow when heat trans- 
| fer is allowed to occur. Is this the same as a Rayleigh flow with 
friction considered? 


One way 70 respond 7o YAjs probfena State ment js +o Consider 
what the path of these flows Would fook like on temperature - 
entropy (T-S) corvd "nates . otarhing with the subsonic powtians 
of Fig. 1-25 





s 
we can Show Fahne angl (Kaylergh flows. Another classical case 
described tn a number of fluid mechanics fects js isothermal 
pipe Flow 4 constant ftwperetuve pipe flow wilh fiction and . 
heat traush,). This kind of flow appeximales what occurs in 
long undersround pipelines. As Shawn m the Sketh above by the 
broken line the isothernal flow path is generally above the 
fanno f path and below the K leigh fh path. We 
Conclude that the path for Pipe tlw wilt ficho and 
heating would be above The Fanno flew path anol the palh tov 
pipe How with Hrietion and Cooling world be belw the 
Fanno flow pathy with fichon ad flew vates cmstant. 
A Rayleigh flrs with fiction would trade below the 
Rayleigh flow pat shewm oihtr things egual. Fay leigh flows 
approxivnale flows wily heat trauske over short path lengths 
over which Kichon Can be ignored as an appoximato ^ of any . 


It- 4 2- 
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11.65 The Mach number and stagnation pressure of air are 2.0 
and 200 kPa(abs) just upstream of a normal shock. Estimate the 
stagnation pressure loss across the shock. 


We want to defwvrune the stagnation pressure loss across 
a normal shock, Ov 
- = |- fo y (1) 
6, fey "i Ex E 2 | 


Jo determine the que. pressure yaho we use £9. JJ. [5k . 


Thus, É mes 
$-, 7 I- R 
& (Cm ] £ na) 
le x [ebm i-i s; (2) 
Re (12) 
or fav an^ 
Ar - f(Ma,) ^ Fig. Dy. 
e,X 
Fev air(4-t4)we. have fam Fig. 2.4 fov Ma, = 2:0 
^Y. 272 
E. 
hus, with €$.^ we obfam 
ls x- hy = [200 kis (abs) ] (1 - 0.72 )= 56 kh 
2/ 
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11.66 The stagnation pressure ratio across a normal shock in an 
air flow is 0.6. Estimate the Mach number of the flow entering the: 
shock. 


Jo determine the Mach number of the air How 
entering Â normal shock, Ma, , given fhe Stagnahen 
pressure rafio, fo, x we enter Fig. D-4 wih 


A 





fay 
hx - 0.6 
by | 
and read on Fig. DY 
Ma, =2.29 
—<—— 


-IY 


11.67 Just upstream of a normal shock in an air flow, Ma = 3.0, 
T = 600°R, and p = 30 psia. Estimate values of Ma, 75, T, po, p, 
and V downstream of the shock. 


To determine May knowing Ma, we use EG. 11147- Thus, 





Ma, + f 


ov fev air we pier "db D-4 fer Ma, as a funcho of Ma, . 


To determine by we use Eg. 14.56. Thus) 
/ 


= lF [R-t : (2.) 
By 5] RUIN J 

or for air we use Fig. D.I for z qs a tunchon of Ma, - 
Jo obfttn T we “se €$./$/. ay Thus, 





í) 


/ 
€ hk 2 
px D «(X2 ua JD (é ma-i] ^s 
y x ——————— "——— —————— P — 02 
[ated jus Me2 
> ee k 7. ` 
or for air we use Fig. DY z as @ tunchon of May- 


Fer f, we Use Eg.? of Ile ám fe gef 


R+! Ma? & 
ey uo 1L oh rn J s " (4) 
IES) ‘x tjj 


air we use ia. D-4 fw fay as 4 tunchon of Ma, . 
Fx 
we use &.u.150 To obtain 


for 
^ 
^, fx [ (GE ) map - (E )/ (5) 
for Gir we use Fig, P. / tiv 2 ds G ft ncha of May 
É 
Ky 


(6) 
= Ma, |RT, R (con't) 








11.67 | (con't) 


For aly we read fre Fig. D fo Ma, = 3.0 


Ma = Q475 
y — 

Be _ 10.3 (7) 

Px 

¥ 37 (2) 

Tx 

ley = 

T = (4) 
and we obtain fom Fig. D.L w Ma, > 0.475 eJ 

ty - 0.96 (/0) 

- 

oy 


From Eg. g we get 
T =(2.7 )(600°n) = 1620°R 
and thus with Eg. 10 


T. 7 Ty z [62 R - 164 og 
I 6.96 0.96 — 
Wift, €g.7 We obfam 





P= (0.3 )(3¢psia) = 309 psia 
and €3.9 yields 


k, = (12 X30 psia) = 3@ psia 


Then with C4. 6 we obfam 


V - («zs )/ (76 kd Y /20€)/.4) =937 f 
7 


Jug. 


— 


s* 


72974 
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11.68 A total pressure probe like the one shown in Video V3.8 is 
inserted into a supersonic air flow. A shock wave fonns just up- 
stream of the impact hole. The probe measures a total pressure of 
500 kPa{abs). The stagnation temperature at the probe head is 500 K. 
The static pressure upstream of the shock is measured with a wall 


tap to be 100 kPa(abs). From these data, estimate the Mach num- 
ber and velocity of the flow. 


This is like Example. 11.19. 
We enjev Fxg. D.4 with 
foy | So (a4 = $ 


fx /00 kPa (abs) 
and vead 
Ma, = b 1 





We determme the Value oF Y, with 


Ve = Ma, | R R 


For T, we vead from Fig. D. l for Ma, = |e 
T . o.5$ 
Ln 

and since 
TTL" oe 

we bave 


7 =(0.56 )S00K = 290 K 
X 


and wit EQ. ( we lbfa 






= i 286-9 M-m \(290k)ll4t? 
V = |-? (2 7 ) 


m (! N. 
kg. z) 
g> 





O 


| 


(1) 
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11.69 The Pitot tube On a supersonic aircraft (see Video V3.8) 
cruising at an altitude of 30,000 ft senses a stagnation pressure of 
12 psia. If the atmosphere is considered standard, determine the 
airspeed and Mach number of the aircraft. A shock wave is pre- 
sent just upstream of the probe impact hole. 


At 30000 ft, we vead from Table c.i fw Standare! atmosphere 


T = -¥793F = 412.2 °R 











and 
p" 373psi4 
Thus 
^, 
y _ (2 Psa  _ ay 
Re 4,373 Pila. 
and with this value of By we vead from 
Erg. D.4 fx 
Ma = 1.25 
^y cie 
Thus, 
V= Ma || R = 125 /(17 fete zee 
/ 
And Por E) 
V, = 12+0 tt 
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11.70 An aircraft cruises at a Mach number 
of 2.0 at an altitude of 15 km. Inlet air is decel- 
erated to a Mach number of 6.4 at the engine 
compressor inlet. A normal shock occurs in the 
inlet diffuser upstream of the compressor inlet at 
a section where the Mach number is 1.2. For 
isentropic diffusion, except across the shock, and 
for standard atmosphere determine the stagna- 
tion temperature and pressure of the air entering 
the engine compressor. 


The decelevation process im the tlet diffuser is assumed To be 
Adjabahc since we ave. considering isentrpic diffusion 
except across fhe Shock. hus 

rA = constant 
and 


w€ Z 
7o >, Coa inlet o, di tkuser mlet (1) 


To determine the diffuser ihlet staguanen temperature we enter 
Fig. D.| wilh Ma = 2.0 and read 


y 
== 6.55 (2) 

At IS km elevation in skenddavd atnosphere we vead hom 

Table C. 


T >s EC =2/6:-5K 
Thurs, wi th Eg s. |! anc 2 Wwe obsain 


= Q/16.5K) 
lo eony inlet = m ın te} Cage ) = 39% K 


Jo determine the Stagnation pressuve at the compressor mlet 


B 


Wwe use 


e E 
TT 6^ njet 
5 comp inlet ANI inlet ( (5: Tee ami d <) (3) 
b di user inte? lg x 


’ 





Fov p dif lee gl "NL NS 





ye = i diffuser mlet 
o di fhuev mlet d: ffaser mlet (4) 
d'i Pusty intet 
where P 7 y t (5 km Ov P, = /. 2x0 M (abs 
diffuser inlet atm ^ di fluser pinjep ) 
Table C.2. (con't ) 
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| /^70 | (com Bonis 1] 


We obtain A dif toy rfe t trom Erg, D.] ter Ma = 2.0. 
E Le dials diffuser inlet- 
Thus fm, Fig, p.44 we La ve. 
lui Fbaser /n lef 
——— € 0. (0.45 
(5) 


^ diffuse mlet 


Combining Egs. V and 5 we obtain 


4 ^ 
e iffum died — DET a 73,000 V lats) 
i (O43 ) m 
For Ma, = L.X 4 Wwe read frm F19. D. 4 
lo, x 


~ 


Also, smce the flow is lentepie except acmss the shock, 





fo, x -— 
ls, di fuser (le 

aud 
E COMP mlet =/0 
^y 


Thus, with 6g 9 we obfa in 
Fo comp inket 7105,09 1 quis] ](- 0040528 ho) 92,000 (as) -. 92 Mac) 
—— A»* = 


Jo delevmine the sahe pressure at the compreso met we 





enter Fig. Dt wilh Me , 7 Ot and read 
Comp mier 
feam, inlet 
= 0.89? 

A Comp mlet 

Thus, 
- (08% LIL kh(abs)] = 92 kfalabs) 
Corn) (net = 
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11.7/ | Determine, for the air flow through the 
frictionless and adiabatic converging—diver ging 
duct of Example 11.8, the ratio of duct exit pres- 
sure to duct inlet stagnation pressure that will 
result in a standing normalshock at: (a) x ^ 40.1 
m; (b) x » 0.2 m; (c) x » «0.4 m. How large 
is the stagnation pressure loss in each case? 


This is Similar b Example 1/. 20. 
(a)Fa a Standing normal shock qr x =#t0./m we note from 
the table of Example He that 


Ma, z 737 
and 
2 x 
From FI9.0.4 for May =/.37 we obtain 
Ma, = 0.75 
ane 
F 
= - 03 
0, x (2) 
From F9. DI we tind for 
Ma, = 0.75 
Ay "y (2) 
A* 


For X 2 *0./m, the ratio of duct exit area Yo local area 
(Ai 7A, ) /s 


O.I m? ; . 
fe See  . mus (4) 
Ay Om * (Qm). 


and HI Egs. 3and ¥ we get 
Az Ay A2 
At = cJ = (lt 9) (3-482) = 7.5 


(con't) 


H- 9J 


[471 | (con't) 


With A, - 35 we Get frm Fig. D./ 


| AY 
Ma. = 0.17 
and 
RE = A = 0.98 
2 fay 
Thus 
f 2 F 
NN A e (2. )( &) «c.m 098 )= 0.74 
o hx Gyl! Ry EN 


The loss i» Stagnation pressure Is 


PR +2 Spee sie ft zt) = Lior kfa(ats)](1- 0.9 )e f A. 


9n 3 ox By 0, x 


(6) Pov & standing Normal shock. Qt X= +0.2m we note trom 
The table of Example 1.8 that 


Ma, = 1.76 
and 
P 
F - O./8 
Ox 
From Fg. D. F, for May, » I./6 we obtain 
= 0.42 
Ma, 
nad 
g 
y - 0.83 
fo x 
From Fig. D.( we fina tor 
Ma = 0.63 
y 
Ay - LIE 
Ax 
For x =t0.2m, the ratio of duct EXI? area, t local awa, ^, 
: ,/ 
rs r Olen? * (Om) _ 2.9 
Ay O.1m>+ (0.2m) (con *f ) 


it- 42. 


Were con't) 
Quad thus 
Ar z Az XZ) - ez 
ns P: -(2.5Y416 ) 9 2.7 


W/ fh S 2.4 we ger trom Fig. D./ 
A 


Ma, = 0.20 
ana 
E-B 2097 
for kp 
Thus 
E 2 
A = A . (2 y 5 =(097 83 )= os 
2 C oy fa x 


lhe loss inh stagnation pressure is 


Ar qur fr) bett je ta 
e « 


A 
i 
s 


= E 
2, 


/ 
(C) For a Stand mg normal Shock. a X 2*0. ^4 we nore trom he 
fable of Example 14? haf 
Ma, EO. 
Qua 


a 0-086 


SV] dy 


From Fig. Df for Ma, = 2-48 We obtem 


and 


(Y 
Xs 


- 0.5/ 


at 


Frum, Fro. D./ we tind 
Ma, = 05! 


Ay = Tes 
we 
A (Con'É ) 
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LUTI | con't) 


For X= t0.¢m, the. rato Of duct exit area fo focal area, 


Az 4S 
— ) 
"7 A Olm? +t (205 
} | $» 
a O.frn* +} (0-4 m)* 
and ^us 


oe a HE) (^35) 43 )=43 


Wi th id we get tom F9. D. 
A* 


Ma, = 9.34 
Aha 
A. ^ 2 0.92 
or bs 
Jhus, 
PL PRP P, 
2. ~ B (E Ys g^ =(0.92. yes!) RESET 
^ / 


The loss mm Phu pressuve cs 


EET m = = = & 
gr 42 Sx 8 8 (" p] (Uo E Rae) ) (1-051. D 5044 
A —À 


z 
o 
7 x 
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11.72 A normal shock is positioned in the 
diverging portion of a frictionless, adiabatic, con- 
verging—diverging air flow duct where the cross 
section area is 0.1 ft? and the local Mach number 
is 2.0. Upstream of the shock, py = 200 psia and 
T, = 1200°R. If the duct exit area is 0.15 ft’. 
determine the exit area temperature and pressure 
and the duct mass flowrate. 


Jo defermame the duct exit temperature , T; and pressure, 

B, we need © ana Ê . We can obfam these ratios hom 
g2 c 

Fig. D. 1 knowing the Value of Ma. The value of Ma, we 

obfai, fem F) 9-0-1 wilt a. Known value of 42> which we 


Ger frorn a 

A LI A, 

AY Ag NZ) (1) 
he value of (2) 1s ebfarned fron, ETO. Dit with, He wem 
of Ma, obtained fro Fig. DY wilh a Known Va/uye of 
Ma = 2.0. Thus frm Fig. D-4 for Ma, = 2-0 

Ma, =0.5 Db 


d 
anid finn Fig-D.| we read Yar Atty Fe dE 


ay = h2 
At 

han the problem statemens 
D 0.15 fy" 
So « Foc 
ty O.4 #4? 


and Thus wilh Cf. / we have 


A 
* = (1.5) (7.2 pot 


(con't) 


ie 95 





con't) 


With d ri we get trom Fig. Dat 


Ma, = 0-34 (2) 
7i 
— = 0.97 (3) 
ee 

and 
A = 0.92 (4) 
£. 

The value of 754 is ebained fro 
Ba” ga Gy * 7 = l200%R (5) 


The value of E. is obfamed trom 
F = P = F ( 3) 
22 ok! 

“oY ox Es 





«QV 
X 


Tram Fig. D4 fov Ma. = 2-0. 


Thus 
2 = (2.00 psia (0.72 ) = 144 psia (6) 


With Egs Sands we obtain 
= 4, (^ ] = ((200'(&)(20.27 ). 6 
I ZP ——— 
With Eos «4 and 6 we have 
62 — 


For vnasf Yowraíe we use 


m = A.V = Fa s |&7,*- 
(a 2 «2 zo 4 * f A, Ma, R7, É 





and 2 AT, 
ja = (l32osia CE m f 0.15 HOY 0.34) ü 7/6 f ye 
y : us. "e. 
/7/6 RV (Wo 2) bo) 
in I 0.8! Slug. 2c. I ^ E 


ds 


bm 
s 





JS — 


Il- Q6 
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11.73 Supersonic air flow enters an adiabatic. Determine also the duct exit Mach number and 
constant cross section area (inside diameter — 1 sketch the temperature—entropy diagram for each 
ft) pipe 30 ft long with Ma, = 3.0. The pipe situation. 


friction factor is estimated to be 0.02. What ratio 
of pipe exit pressure to pipe inlet stagnation pres- 
sure would result in a normal shock wave standing 
at (a) x = 5 ft, or (b) x 7 10 ft, where x is the, 
distance downstream from the pipe entrance? 


This i$ similar Te Example (^21. 
with Ma =3.0 we enter Fig.d:2 and ger 


F(R) = 0.52 
D 
We note thaf 
f (L) = £0), £(4,-4,) (7) 
D D 


——————— 


D 
(a) With Eg./ we qe? fov & - L, - 5 f} 


* 
FEL) FA) f(-t)ipsg (noa 5f 
p y D 2277, 





Or 
FIEL) - OFZ 


2 
Wi th £(1*. le) = 0.42 we enter R3. D2 and tind 


D 
Ma. 22.5 
With Ma, 2.5 We enfer Fig. D.4 ana read 
Ma = 0.592 
Now with May, = 0-52 we obtain hom F19. 0.2 


F(C) = 0 
D 


y 
tA). 4004). (e) 
x 2 2 Con't) 


4-93 


Con't) 


we get 
f(L- Ll= 09 O.02) (2S F) = 0oy 
D. C / **) 
and entering Fig. D-2. wilh f(e 74) = OY we. d 5f An 
2 


Ma. = 0.62 (Subsonic flow ) 


2- — 


Now we nok that 


T & fi 
2 Ole MEN AVENE) B 


| Wi th Ma, = 0.62 we thtain frm £19- D. 





AL (3) 
př 
With Ma, = 0.52 we obtain frm Fig, D.2 
5 - 2.05 (4) 
Wi th Ma, = 2-5 we get trom Fi9.D.4 
Py 
B. | (5) 
ant we obtain from Fig. D. 2- 
P = Ons (6) 
p* 
For Ma> 3.0 we get fom F9 D. 
F, - 0.22 CZ 
p* 
and frm Fig. D-/ 
(9) 
— c 0.03 
5, 


(con't) 


li- 98 





4/423 | (con't) 


Combining Egs. 2 Through é we Obain 
E = j / (a O. / 
eu) 7 qu ye 


N 
n 
S 
N 
~ 
W 


| 


— 


Z 





Since we do not have values of tempramre or Pressure 
I 


anywhere in Fhe Flow , we Can only sketch Guat, rapve | 
7-s coovdinakhs. fhe T-s diagram 


what happens on 
will be Similar to the one of Fig. Ell.21(b) as indicated 


above . 


(5) Wilh. £3.17. we. get Tor f, - d, s rof? 
— (o.02X(/4f1?) _ o.32 


f(4-4.) = 062 
D (7 f?) | 
Fig. D2 and find 


With PEEL] —- 0.32 we enter 
, Dp 


Ma, = 2 
With Ma, = 2 we enter hg. b. ane Veaot 


Ma, = 0.58 
Now with May = 0.58 we sblm fam 75. 0.2 
(Con't? 


/^- 99 


/& T3 \(con't ) 


d 2 = 0.62 


D 
Since 
FIM) S TS) LY) 
D D 


We get E 
££) - O(2 —-(0.02)( 2017) — 9.22 
D 


(1 £+) x 
Qnd entering FIV. (2 with Z(0£-0£,)2.0.22: we obtain 
E 2 


Ma. = 0.89 


2 . 


With Ma, = 009 we obtain hom Fig. D 


p* 
Witt, Ma, > 0.57 we obtain fam Fig. D2 

E 

2, = 196 (10) 
Wi th Ma, - 2 Wwe qe trom H3. D-9 

5 

P =Z 4, (44) 
and We obtin from Fig. D.2 

F 

Z =z 0 

p* 4 (122 


C mbing EGS. 2, V3, 9,10, (i axt 12 we obtain 


la = fos ite ) (004 : (0.03 \s ON 
fa, |. 86 2.22 ) — 
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11.74 Supersonic air flow enters an adiabatic, constant area pipe 
(inside diameter = 0.1 m) with Ma, = 2.0. The pipe friction fac- 
tor is 0.02. If a standing normal shock is located right at the pipe 
exit, and the Mach number just upstream of the shock is 1.2, de- 
termine the length of the pipe. 


We note that 





D p D 
Whe re according to Eg, 1498 
A-A | 4 _ (1- Ma?) + /ÉŁI) In (fH )ma’ (2) 
s Á (M?) aK |t (875) Ma* 
Qr fov air , £u) is graphed Gs a function of Ma in 
D 
Fig. D2: 


: x 
hus, knowing Ma, ania Ma, we can dekrmire SA-L) ånd 
D 
A, and with Eg. / we obtain fat), Wilh F and D 
J 


D 
also known we can defermine 4,. 4. 


For aw, we find in Fig. D-2 corresponding to Ma, = 2.0 and 
Ma, z 1.2, 
¥ 
f (4-4) $ v3 
D 
Qn d 


MEA = 0.03 
D 
Thus, with &%./ we have 


/(4,-4). 0.3 - 0.03 = 0 27 
D 


1 


and 
0-6 2(027__)(01m) = 135. 


0.02 


/I- 101 
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11.75 Air enters a frictionless, constant cross 
section area duct with Ma, = 2.0, 7, = 59 °F, 
and py, = 14.7 psia. The air is decelerated by 
heating until a normal shock wave occurs where 
the local Mach number is 1.5. Downstream of the 
normal shock, the subsonic flow is accelerated 
with heating until it chokes at the duct exit. De- 
termine the static temperature and pressure, the 
Stagnation temperature and pressure, and the fluid 
velocity at the duct entrance, just upstream and 
downstream of the normal shock and at the duct 
exit. Sketch the temperature-entropy diagram for 
this flow. 


At the duct enfvance , section(s), we have 
i. = 59°F = 5/9°R 


/ 





and 
Eo 14.7 psia 


/ 





With Ma = 2.0 we enkr Fig. DI!’ and read 


A 
— z 0.26 (1) 
E 

and 
E i: 013 (Z) 
P, 


Thus with &s. fand2 we obfam 
T= (0.56 SIR) = 2 R 


4 
we 
= (242 (1%. 7 psia) = /! psi 


e 


"n 


y 7 MaKTLÉR = (2.0) 





sie lus. ^g na 
2 5 


At sécton(x) just upsttam of fhe shock sa 
lo x - fg lo a To, x (3) 











(con't ) 
//- (02 


con t) 


and p 
- p zt y. e 
A zy (4) 


For Ma =2.0 and Ma, =15 we vead tom Fig. 0.3 


T. 

cur = 0,79 (6) 
loa 

fo, =e L3 (e) 
Be 

T 

Teo 

E. 

[on 

< zl 

Ra 


With these vahos and Eqs. Zand 4 we Olhain 





ME (Sn Fs ) (09 ) = SIR 
) 0.74 = 
p.c UT pin Y f 12 ) =U psia 
l-5 
Wilh Ma = [S we entev Fig. D.| and read 
Tx = 0.69 
Ur 
anol 
B Z 0.27 
B x 
Thus , 
q = 66? KSISR) = HIR 
and 


7^ - (0.23 Mit psia) = 3 psia 


UM Ma, | RT, & z (1.5) (T6 ftlb oe J 410 O'R (L-4) " Ito P 
e sd) 


(con't ) 


N- [03 


Cont) 


At section (y) just downstream of the shock we obtain from 
Fig D. for Ma, = 45 


Ma. = @.7 
^y 
4225 
Px 
| S 
| m CoS 
7x 
Ve 
—- 17? 
Vy 
P 
20.43 
h 


x 
With these vahos and values of properhes at sechon (x) previcus/y 
dettvmined we have 


^ -(2.5 )( 3.00 psia) = ^5 pia 


T= (1-3 (ate) = $387 
u- (49 P). 724 f 





— 5 
á 
fay - (0.43 ) (11-0 psia ) = 10.2 psia 
Also, Since the How Across The hor ma ( shode Is 4d Abate , 
lay" bx ~ SBR 
At the duct exit séchon (2) we have the subscript a” state 


(n Fig. D.3 Since the flow js choked there. Thus tom 
Egs.$ and € we conclude thal 





loa = To) — (SIIR) = 657 e =T 
0,74 (0.274 ) — e, 
and | 
^, 5 h = (14-7 psia ) ~ 98 piia = - 
J IS (IG ) um i 
(con't ) 


1t- 104 


(cont ) 
With Ma,=2.0 we vead turf frm F719. 23 





Ë -036 
Fa 
he 053 
Tn 
k =- 115 
^ 
Thus, 
p = (1-9losra ) 
A = 5.31 Psia = o 
(0.36 ) = 


DA) V. c5 =- L 
(0.53 = 
and 


“h 


ft 
ee eC 
(1.45) 
To stetd. a T-S diagram we need values of S-S, and we 


calculak these values wit 


S38 2.644 Lr AM Px 
i P a 
P, 


- 


i 


20, fov CX ample, 
s,-s, = (0006 file )^ at). H ft lb L 3 Psia ) = 190 fl 













Sx od slug, R 519'°R slug. lug R 14.1, PA slug K 
‘yn? arty 
(2) or 

$,-$-6006/n $33. I6 Ih. 7? ; 2 

J 7 S19 14.7 

" —-/2720 ft. lb 

5, 5, Slug ^ "E / : : | 
jee ayleigh line 


e Sketch (not to 


5 = Mb ln 5y$ - hi I icai 3 
BH r(*&.) 
£- $2080 Ft lb 
: Slug. lus . *R 250 


a 
/000 £41,2.000 
3-5, (ie sp) 
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11.76 Airenters a frictionless, constant area duct with Ma = 2.5, 
T, — 20?C, and p, — 101 kPa(abs) The gas is decelerated by 
heating until a normal shock occurs where the local Mach num- 
ber is 1.3. Downstream of the shock, the subsonic flow is accel- 
erated with heating until it exits with a Mach number of 0.9. De- 
termine the static temperature and pressure, the stagnation 
temperature and pressure, and the fluid velocity at the duct en- 
trance, just upstream and downstream of the normal shock, and 
at the duct exit. Sketch the temperature -entropy diagram for this 


flow. 


A) For air we have at the duct entrance, sectim(/) 


Ma, 2 2.5 
7, - 20€ = 293 K 
af x! 


P = soi kfa (abs ) 
> Vr Pr 


/ 





With Ma, > 2.5, we enter Fig. D.l and read 


Le O44 (1) 
p, 

and 
f -= 0,06 (2) 
lo 


Thus we have wilh Egr. land 2 


T = (O44 )(293K) = 130K 
ana 

p = (0,06 )[ toikfa(abs)] = 6.0 tea (ales) 
Then | 





= Ma, JRT k = (2.5) perus Jou = 97! z 


At sectin (*) just ups eam of the shock, iz) 


To x 7, Et zs (e " 


la a 


p" 26^. te , (4) 


(con't ) 


11- /06 


con't) 


For Ma,=2.5 and Ma, = 13 we read hom Fig.B3 


Su 


| 


d Ó.7/ 


S 


a 


= 04€ 


rr of 


a 


OR 


4* = LOY 


A 
With these values and &s. Zand 4 we obtam 


= (293K) dun OS J = 396K 
. s 3% 








L 
p = [Ie falas) ] / — Joe ) = $27 kha(abs) 
, 2.2 
With Ma, 243 we enky Fig.D.1 and read 
T. . 35 
To, x 
and 
Ke. 0.36 
b 
Thus , 


T,=(0.75 N39Sk)= 296K 


And 
p= (0.% L474 bfalibs)] = 17 && (abs) 


then - 
L Mera - 2) [ 864 Ge OED q 
ig) 


(can't) 


li- |0} 


tS 


la 





“Jy 


(con't) 


At section(y) just downswéam of the shock we obtam Amv 
Fig, D-4 Tov Ma, =/-3 


Ma, = 6.79 
Be he 
Px 

Je a Je 
f 

A 215 

My 

F. 

53 . - 0.98 
x 


/ 


Witt, these ratios and Values of propertics at Sechon(X) previoutl 
determined we have 
7 = (1.8 ole a = 308 khe(abs) 
7, = (L2 ) (295k) = 
G5 ) =? 
b, =©95) [47.4 hfalabs)) = 46.4 (abs) 
Also, since the flow across the novmal shock is Adiabatic, 
Tey * Tox = 346K 


/ 


At the duct exit, | seefiom(2.) Wwe hae 


Se 





P. 214243 (5) 
L* *CE)(R) (6) 
$e (Re) iC (7) 
ALIO e 
E GG 7J ( Cont ) M 


1-108 


G ATI ; han 
| Oon h 
1a fe Ya 4 


- 0.4. 
and MG, = 0, 
= 6. 79 
Ma, H 

Fig. D-3 for 
Thus , 

/ = 1.3 

fa 

A = £2 

fa 

^j . 1.02 

A 

l = -02 

au 

4 - 096 

Dä 

2 

oa - 0.99 

Ga 

foy S k02 

Ra 

hz - /.0f 

P. 

"4 . 0.3 

n 

Vs = 0.9i 

Va 


obtain 
hF we | 
Ss throng E 
| ' Uu - 266 
th these rahos B E yo I x 
i [30.4 & (es) fu 
Pp = 


k 

E (1.02 ) = 351 
k 

T s (sik) son Yon V i 

a: 

"E Rh 


( con't ) 
it- [07 


con't ) 


= (48-4 RPA (abs)] — je ) = 990 EA (abs) 


Ua u^ "ame 


Fev 
We 


sterehing a 7-5 diagram we need vatyes of 5-5. 
USE 
/ 


$-$, 7 C,/n - Ah f 


I 
7 P 


Thus , fw examp le, 


bF D = (1004 Mnf 246 », — (26.9 d) s KA (Abs) 
s À f um ul 


Or 
$7552? Z 
kg. K 
Similarly 
S, -5 = 586 Z 
/ l 7.5. kK 
Ah d 
S =< = 570 J 
2 / ds. k 
400: 
(y) (2) 
mc A 
2,00 Shock -" Rayleigh 
(X) line 
ske tth 
T(K) Ëmmer to 
scale ) 
200 
(1) 
100 
100 200 300 400 500 
$3 f E ) 


11.80 [See Fluids in the News article ttled “Hilsch tube (Ranque 
vortex tube)," Section 11.1.] Explain why a Hilsch tube works and 
cite some high and low gas temperatures actually achieved. What 
is the most important limitation of a Hilsch tube and how can it be 
overcome? 


A Hilsel, tube werks because the Cove tlow of the associaleol 


compressible swirling How is m Solid borli miah (Forced 


vortex). As shown by Eckert and Drake (Eckert, ERG. and 
Drake, Ju &-M. ». Analysis of Heat and Mass Trams fey, 

Me Graw- Hill, New York, 1972.) , the difference is tote! femperzdoe 
across the radius of this ferceol vortex can be appreas ble, 
especially when the flow is turbulent. Kurosaka (kursaka M., 
Acous tie Streaming jn Swirling faloa VENON the Rangue - HilseL. 


i (Vortex Tube ) Effect, Journal of Fluid Mechanics 124: 139-172, 982) 


Conelrded that periodic unstead mess of the Swirling How 

is the primary cause of the fvmaticn of This Avced vortex. 

À ccording +p méessuvements ( Ahlborn, B. , keller, TU., Staudt R., 
Triefy í. and Rebhan, E., Limits of Temperahsre Separator 

in a Vortex Tube, J. Phys. D: Appl. Pys. 27: 490- #88, 199 )hpical 
hot and cold stream tempevatwres are 597°C and - 197. 


The most importan? limitation of the Hilsch tube is the 
inctficiency of the processo challenge that remams To be 
resolve d. 


/[ - I 


mn 


11.81 [See Fluids in the News article titled “Supersonic and com- 
pressible flows in gas turbines,” Section 11.3.] Using typical phys- 
ical dimensions and rotation speeds of manufactured gas turbine 
rotors, consider the possibility that supersonic Fluid velocities 
relative to blade surfaces are possible. How do designers use this 
knowledge? 


For the fan of a regional turbofan gas Taré»ne engine 
tip veduis = /9 th. 
rofahon spted=s 3700 rpm 

So blad Ns, eed, Ir 32 


E v d 
Ue ray 2 t o Creo Se Jer). isn 


r^ fo s s 
Gr med 


Fer A typical fan 1 foi veloci ty frange (See £7. 72.3 ) 
the velocity rela hve fe the Sus, blade J W, 1$ much arser Mán 
the blade velo ci hy, U. Alf fanke of £ a nol nomha ambient 


fem pera tures we see Krm Table B.3 that the relave velo cits 
of the aw Hoe oer he fan blade hear its fee s case 


ss mest likely supersonic. 


Fir the Cove Compressor of this same engine 

7) radwt - /0 m. 

rotation Speed = (6250 v pra 
the veSultan?t blade tip spad is 1417 r£ 
Eyen af A igher tem peratares wilhin J^ Cove Compre Sor 
the relative velocity , Ww, is quire likely to Ce Supers tril, 
Desi gers Continue to improve. the fan, Compressor and turbine 
components of gas turbines. 


Il - IZ 


IZ -4 





12.4% The rotor shown in Fig. P124 rotates clockwise. Assume 
that the fluid enters in the radial direction and the relative ve- 
locity is tangent to the blades and remains constant across the 
entire rotor. Is the device a pump or a turbine? Explain. — 





BFIGURE P12.4 


W = Ww, according to the problem statement} and U >U 
Sce 5 >r . hus a reasonable, se4 of velocity Paneles 
fo» this situation looks like 


Wi 
U Wa. 


| Yadial 


V, ». clivection 
Va UL 
By comparing the veloci hy tviansles at He rotor mlet ( |) 


and exit (2) we See that the absolute velocity vector, V. 


has been turned in the dwechan of blade mohor and 
Work. has been done on the fhrid . This isa penp . 


12-1 
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12.10 Water flows through a rotating sprinkler arm as shown 
in Fig. P12.@and Video V12.2. Estimate the minimum water 

pressure necessary for an angular velocity of 150 rpin. Is this 
a turbine or a pump? | 


To estimate the mini mum water pressure, We. Consider the 


Flow through the sprinkler and into the atmosphere to be 
without any loss of available energy. —— 


ae te soe 


70, using Bernoulli's equation we ger ,7 Ss 
D Vv," 
Duk | 5 T C VU, 


where R= Fy, radial drecho 
7o determine Lowe yecogni ze, that “pr | i ; 
the minimum pressure. Condi fron, the Forgue o 2^ 

sein, sprinkler rotation is gero. | | 


Jo j ne 7 
T= mla- 5 ) -0 ‘i — | 
Since : fe 
Va? | 


then V 20 
2 


From the exit 6 2) velocity triangke ) 


20 ae 
V, = W, cos W°? and W, Sn ADU =Y ] . 
va 
o5 ae su GIU = (Tine) (150 m ET Re) C7 = 234 Ft 





Æ FIGURE P12.10 





4 s Sin 70° [2 tn - «05 ) sm 70 e 
ft 2 m 
Then P = + 7 (62.4 then (3:34 5 = + 10.8 ib 
ma amo 2 Pra dem fi atm ft © 
e? ER A) 


So p.18 l* above FP o 
E e Et Gl | v 
The aenal pressure needed tor sprinkler rotaen is lawser because af 
Fluid Flaw losses And Finite Tevgee resisting rotation.. | 
This is a turbine, the sprinker moves in thé same drectitr as the Huid towe on 17, 


Raz 





2.10 ] E 


12. 11 Water 1S supplied: i to a dishwasher through the manifold | 
shown in Fig. P12.11. Determine the rotational speed of the man- 
^ fold if bearing friction and air resistance are neglected. The total | 
_ flowrate of 2.3 gpm is divided evenly among the six outlets, each . 
of which produces a 5/16-in.-diameter stream. : 





sectien a-a 


` E poner P12.11 


Wilh points (0) 0) (!), (2), and (3) T as M » — above, 
T= Fat hovi “Tin hin) where l;, =0, Thus, 


T2 2m," Vo, * 2m, r, M, * 25r Vg 2 0 since there is no friction. 
Bul m,=m,=ms so that the above becames 





rj Vo, +12 Von +13 Voz =O (1) 
But U; t lo; - W; cos 30° SEE d (2) 
where 


MOM -éZ (69-8) ]w Jw: = 0,00320 W; Ur; 


-) j 
0- Gag gal (2) (ez) (415. - 0.00512 $È fr 


min /\ 60s (22553 
Thos, W, = 1,60 f so that from Ee. (2) Vo, dios 
or Vp, =(/.60 £)cos 30 “Tp. Wh r= 7 ff n e f and rs- i ff 
Eq. (I) becomes 
kaasti ai 
or 249 =/05W 


rad y iren rev 
Thus, (99 2.3775 4 —5 7 0,378 "— 





ra AZ | 


12.1Z Water dus: EXIT up ) the shaft Eng out through the two 
sprinkler arms as sketched in Fig. Pi2. Wand as shown in Video 
V12.2. With the help of the moment-of-momentum equation ex- 
plain why only at a threshold amount of water flow, the sprinkler 
arms begin to rotate. What happens when the flowrate increases 
above this threshold amount? If the exit nozzle could be varied, 
what would happen for a set flowrate above the threshold amount, 
when the angle is increased to 90?? Decreased to 0?? 


ne TTT SP RESUS Santen mcrae k 





| B FIGURE P12.10 
= Ihis sprinkler is similar jo the one of Example 518 
Thus, 


Ty. 27% 2 Vea " 
Fram the ve loci ty triangle shown jn fhe shakey e above, : 
"we comlude that Fey . 
= Pern Te —— 
V, = (Wsi -UV ) 
v, = hw | uto pedes 
Combining, we "e 


Se, when W, and n m combrned is » i Q= 0. fe ove moma 


E ed the Sprinkler roov begins vo yofate. | A i 


| when flowrate arr CvEa$eS an w js ho longer 3 sero H 











12-4 


/2.12 


(con't) 


When the no33le. angle iS increased iini 70° to 90° 
T eft ox Cw. Sin 20 -— 5) Hi eu? 


90° | 26? ^ 
U, ll w 
for 90° 2 ` 
ev 90 
d. ^ E 
shaft ~ Shafi v] 
90° 70° 20 
W, = We . 
mw? y 
= m 
90° 70 
We get 
W, —t64G ,- W smor 
2 2 m ~r GJ 
90° 90° i 2 709 
Kar this to be Frue 
> 
Waso 7 


Qv the sprinkler Speeds up when the no33ł angke is mortased 
from W° + w? 


When the nozzle angle is decrtased t O, the exi] velocih, 
triangle now looks like 


W5 6 
U 
2 V, 
0? 


Gnd the shaft Torque. associates! with this flow op poses 
and eventnally stops sprinkler rotation. 
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; mill (see Video V12.1) results in the upstream (1) and downstream 


42.13 Ata given radial location, a 15-mph wind against a wind- | : | =| 
WwW = LA 









(2) velocity wiangles shown in Fig. P12.13. Sketch an appropriate 
blade section at that radial location and determme the energy trans- W, TT 
ferred per unit mass of fluid. pee m 


E =e M Y 


V, - 15 mph | 607 


teen eed 


E FIGURE P12.13 


We can dete rmm e. whether | " he | axial thw Tur borachm e. 
ne id B , E ee | E ] a hd : comparing pre rection 
| nde sechon with the 

direc fon of the bilade velocity U. Lt the tt feree and 
the blade velocity are tn the same divecton a turbine is 
Mone If the lift force and blade velocity are in 

opposite quections, Q fan is involyed. the divection of the 
litt force can be mferred from the shape of the fo 
blade sechon sketthed to be tangent the relative flows entern 
and leaving The votor row’. | E UU 


The. entering | | 
2g” U7. 2228 o 
| ( 15mph) 


Thus, the yotor blade sections sketthed bela) are appropriate 








(con't ) 
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/ 





/2./3 | (Con'é€) 


* | | O/nce fhe lift force acting on each rofy blade PT | 
A in the same diwecfon as the blade Velocity we - 


conclude that this turbomachiae is a turbine. 

/ he Energy Dûns frred Or Unit mass iS The shaft 
Work por un) mds. Wy PE = which we Can determine ` 
w M £4. ll.5 . Thos | 


(1) 


Whati B ` U, s 


From phe veloci? y triangles we obtam 


V = W sarto - U 
2 7 ote 


smeo” - zora ri 





W í os = I f4}. lè Ie ee € — Z.. ff d 
shat fF Slug (32. 2 ibm [b m 


| EE 
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12.14 Sketch how you would arrange four 3-in.-wide by 12-in.- 
long thin but rigid strips of sheet metal on a hub to create a wind- 
mill like the one shown in Video V 12.1. Discuss, with the help of 
velocity $iangles, how you would arrange each blade on the hub 
and how you would orient your windmill in the wind. 


ÁREA Ct urea a temet 


wind along rotation AXIS Vi 





MM mIÁE 





J4A- 8 


25 


12.15  Sketched in Fig. P12.5are the upstream [section (1)] 
and downstream [section (2)} velocity triangles at the arithmetic 
mean radius for flow through an axial-flow turbomachine rotor. 
The axial component of velocity is 50 ft/s at sections (1) and 
(2). (a) Label each velocity vector appropriately. Use V for ab- 
solute velocity, W for relative velocity, and U for blade veloc- 
ity. (b) Are you dealing with a turbine or a fan? (c) Calculate 
the work per unit mass involved. (d) Sketch a reasonable blade 
section. Do you think the actual blade exit angle will need to 
be less or greater than 15°? Why? 





direction 


U- U, 


FIGURE P.12.i5 


(a) See figure above. 


(b) 7 = m( ra V2 7 lj Vai) = Pil riein ( V5; = Vei) 
where Va2>0 and Vei <0 (see figure above) 


Thus, Tro, 7, he machine is a fan. 
(c). W shaft ~ - U, Ys: t U Vo; = U (Vo2 - Voi ) "- U- U, = U2 


Since Vy, = Veo =50H , it follows 
from the figure that : 


V, Cos/5° = SO i 
or V, = 51.2 # 


Ü 


Vei 


i= =U 
and — r 
V2 Cos 30° = 5o E or V = 57.7 ft Voz 
so that 
Vo, =VP sin (5° =-5/.2 sin /5°=~ 13-4 i 
and. 


Voo= Vy sin 30°= 28.9 Et 
Also, U= [Vo HMeo[= 42.2 # 
fence, ME p at = 42.24 pe, E -(- 43.4 #)) = 180% it 

(d)From the figure tanO= EH or O- 48 * 
This, the blade shape i is as shown: 
() fs? 


ug ot fn (con't ) 
4-? 





The acha! blede angle will need 7» be kss. than. 4s? 


to achieve a IS flow angle at The blade exit. 


Because of beundary layer developmen? on both surf 
the blade, the Fluid amle will be different fom the 


blade NM Less Turning han expected will be. a "S 








a ch teved 
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12.16 — Shown in Fig. P12.l6is a toy "helicopter" poweree 
by air escaping from a balloon. The air from the balloon flows 
radially through each of the three propeller blades and out small | 
nozzles at the tips of the blades. The nozzles (along with the - 
rotating propeller blades) are tilted at a small angle as indicated. 
Sketch the velocity triangle (i.e., blade, absolute, and relätive 
velocities) for the flow from the nozzles. Explain why this toy 
tends to move upward. Is this a turbine? Pump? 








Æ FIGURE P12.16 


TF we assume the helicopter 1s stationary, then. the blade speed 
is wR in the horizontal plane as shown in the side view below. The 


ar 


relative velocity, W, is directed along the nozzle, and the absolvie 
velocity P V= Ws D, is as indicated. 





The Toy tends do move upward £e cause the flow over the 
blades US bh Up or) then . Tha Air Pran the OG Noon tfovtes the 
&lacles to rotate Nike A turbine. : However, the blades act 


on the am b/ent iv as A pemp. 
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ae 


yos 45 fts 


12-19 The radial component of velocity of water leaving the 
centrifugal pump sketched in Fig. P1248 is 45 ft/s. The mag- 
nitude of the absolute velocity at the pump exit is 90 ft/s. The 
fluid enters the pump rotor radially. Calculate the shaft work 
required per unit mass flowing through the pump. 





M FIGURE P12.!/8 


shaft e GA C - UJ, 2. (Eg _ 12. 2 y 
haft = v ^ u yt. dom Ve, ) 7 lar €) 
Since The Kui "M radially | Vo, =O so That &.12.5 
becomes 
Ws heft = Voz (1) 
Lo HT 


ae 
U 2 a) = (0. 5F#) | Gece in N20 7a ras ) E is7 2 
(50 min 


From 27! /2.8C / 
2 2. 
Voz ` ( V, - Ye ) 


[ SI (ie) n Hg 


trom Eg CI) 


she ft 





edu S 


lb 
f£. lb z s es 


*tu 
35143. 325 Ib 7 
slug 





= 22x10 





379 f*.Ib 


— Iban 


(cont ) 
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12.18 | (eon't) 


We proceed To calulale the Component velocities of £9. 12.8 


TE iat E cm EI 2.9 8 
(0 £ 


Frm conse ration of ma $$ 
V A, = V A, 


or a 


Virrb= Vy rmn 


A 
T ws Qs 45 (25%) = 112 fi 
n f 5 


/ 5 0-2 


Fo the we flow 
So | 
| v z= 12% ; 


ry 


Then trom Eq. 12 


pos 00 £)- (ira fi: (sz )-62£] fiat) n] 





shaft 
= 53 X o E fis. ib = 53x10 F416 53x1 ftl 
*- s. Ht sla 72.174 Ibm? 
- £796 F4-/b Shag 
— lbrn 


£4. 12-8 Invites round otf error because of lhe 


diflrenns of ve loc i f; Sguared imvolved 
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| 4-249 
| | . 1249 A centrifugal water pump having an impeller diameter of 
0.5 m operates at 900 rpm. The water enters the pump parallel to. 

the pump shaft. If the exit blade angle, B, (see Fig. 12.8), is 25°, 

. determine the shaft power required to tum the impeller when the 

.. flow through the pump is 0.16 m?/s. The uniform blade height is 

50 mm. 
- mE — E 29 N 
fi. uo 2 = $ 
Wnt fli bed d ) (£ 
WITA Ve, To 
shett = PO h W Cr) 
4 / i 
From Fig. 12.8c —— De qs 
s Vez 
5o That | UD. V 
m x Cof 
Vaz 2 Fe Ê (2) 
rad 
- 2 Z 
He d In 2 026m wis ws 100 Bim DON Fev) gy, red 
S 


"Bo 


min 


Ther C 5 
D: co " 2. 28  )( fe 2 “Jez 23.4 


al 


Since the flowrate K JIKER it follows That 
Q= ZTk b Vz l 

B uos 9. o. OUR ua i = 204m 
72^ I5 (amorem) Oom) 





Thus, trom £27. (Z ) 
Yop = 


(23.4- 2.6% cot 2s¢) 2 = 92 & 


e A from Eg, (/) 
Issa = (799 #4 Mow 0 zm) 19, 2 4) T63 Neo 


| ` | 
so, wo 7 (268 Mm) (27 red (hoc =) _! _\ saopAw 
" "T os = J200 ^J. 
s &w 





Sha tt rev 
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/2.20 
^ 1220 A centrifugal pump impeller is rotating at 1200 rpm in. | 
the direcon shown in Fig. P1220. The flow enters parallel to : 
the axis of rotation and leaves at an angle of 30? to the ràdial. | 
direction. The absolute exit velocity, V, is 90 ft/s. (a) Draw i: 
. the velocity triangle for the impeller exit flow. (b) Estimate the | - 
. torque necessary to turn the impeller if the fluid is water. What: - 
will the impeller rotation speed become if the shaft breaks? 





| B FIGURE P12.20 


(A) The exit fow velocity Triangle Can be tounstructed 
Graphically as Indicated below, 








er ft 
: CeO? in te uw pla 
us Th C4 hw = (0.5 ft) (60, ) S 
From the Velocity "-— _ Uh Mes 

ae Vez . 
Synce Vo- = 7 Sin 3O? and Ve. = V, Cos 30° /L follows 
That = D = A Sin 30° 





li 


22 tan 


V, 330° 
Pb) eic ag? 
Lh 62.9 & -(Fo T) sih 30 — 12.4 
( 4o F) Cos 70° 


H 


( cen zt) 
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(2.60 ( Cen ZO 


Th U5, trom ‘ne Velocity Lriange 





W, = Vrz Z V> tes 30" ( 4 f Cos 30° 
=~ Cos 12,9? (bs 12. 9° Cos 12.9° 
= Lt- 
~ 90.0 F 


Wy th A ân d Wo Known, The ve locity trigugle LS 
Com pletely vpe cihed. 
(b) From EZ. 12, with Vg, =o 
Thft m h V2 (1) 


ace 


y 


AUD L, Vp, ane eforwaler thom Table 1-5 i 1 


(1.99 e ferxosfüz fe) lF Cos 30° 
= 39,54 slugs 
S 


li 


So that trem Eq.) 


IP - (324 MC (^.s f£ 4 E Sin 36" 
= 89/ FE- lb 


A positie for gue js tn The 5Qme dire chor as The rotation. 


When the Shaf? breaks, the Torq ue becomes gero and The 
mpe ller eventuall stops because, the re Js ^0 longer a, 
driving torgue fo fore it Yo rotate. Jna PUNR, the 


Shaft tovgue drives Ihe impeller and the impeller moves 
fluid. On he other hand 


drives the (m pe ller 


i 4 wb." . 
na TUT AINE | the moving fly cl 
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i than iden] head rise. Discuss how ideal head rise is head ‘ ‘added 
to the fluid and actual head rise is head ‘ gained” by the fluid. . 


. Can Eq. 12.13 be used for a turbine? Explain in terms of ac- 
ale and oen EN in head. . 





Eg. 12:13 is obtained assuring that ne loss of available 
energy occur in the tlw throng, The pump zn pe ller. 
The achie/ hend rise across the pump is thus egual 


Jo The sdeal bead rise across the pump minus the 


loss ot avai lable enerju suf feveof by the tlow ng Slas d 


because of trichs,. Jhe blades add the ideal keg 


Fise amount te The wing faid, Lowever, Be Llyd 
flow los results p The achiral fead rise real; sed e y 
the flowing Fluid beig fess than the ideal 
amount by fhe loss. 


E9. 12.13 may also be used fir Haw across a« turlune rofoy, however 
the change m head will now be negative or th other word's 
the flowing fluid head will drap across the roter. Fnr ther, 
this head drop across the turbine rete is the ideal 
ameunt , or the amount in the absence of any loss of 
&v4i lale EE suffered by fhe tlhwing fhid because of 
viscosity. The achas! head drop is larger than the 

ideal head drop TAR difference, due to losses. 
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O = 0.25 ft?/s 


12.22 A centrifugal radial water pump has the dimensions 
shown in Fig. P122/2.. The volume rate of flow is 0.25 ft?/s, - 
and the absolute inlet velocity i is directed radially outward. The 


angular velocity of the impeller i is 960 rpm. The exit velocity 
as seen from a coordinate system attached to the impeller can 
be assumed to be tangent to the vane at its trailing edge. 
Calculate the power required to drive the pump. 





E FIGURE P12.22. 


From &9. 12. n with Ve, =O 
M shalt "e 9 V 

Zo determne V2 we use 
V, 9 CL, \ (took, )law BN ioe )= tbl F 
To di Vg, We use The exci Velocty driangle Shown below. 


T | Ve 2. | 














oe le, = v, — V. Fan 35° s ' r 
| n. 
and y eo. $9 , (s Net | 39 fe 
Fz ~ As | LT b, (27) ( & Am > 


it follows Thet B 
= (44.1 -139 tan 3°) = FON 


, Them x (1) 


W sha fE 


= (194 He fors Nua EN 512) 
= DIO £t» 


d . jolo TEH 
a s = g 
W shaft D ETY bry Fel nn LSE hp 


Ss Ap 


| 
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12.23 | - 


12.23 Water is pumped with a centrifugal pump, and measure- - 
ments made on the pump indicate that fer a flowrate of 240 gpm- 
the reguired input power is 6 hp. For a pump efficiency of 62%, 
what is the actual head rise of the water being pumped? 


From Eg. /2.23 The pump efficiency 5 given by Pe 
ee E YQ ta/550 

T" WR 
«So That 





ia 2227790798 
e xO 
- ees 


£13 


[] 


12-19 


12.24 The performance characteristics of a certain centrif- 

ugal pump are determined from an experimental setup similar 

to that shown in Fig. 12.10. When the flowrate of a liquid. (SG 

== 0.9) through the pump is 120 gpm, the pressure gage at (1) 

indicates a vacuum of 95 mm of mercury and the pressure gage 

at (2) indicates a pressure of 80 kPa. The diameter of the pipe 

at the inlet is 110 mm and at the exit it is 55 mm. Ẹ `> 
(25 — Z% = 0.5 m, what is the actual head rise across the pump? 
. Explain how you would estimate the pump motor power re- 

quirement. 


From &2. 42.19 


O :. D (1) 
Ay = = + 4-2, + es 


Since P (/20 gpm Vb. 30010 
mco T Ui e eM m 


pA, X (0m) 

and y, A= K A, 
"P ee m y- (2797 )(2) - 3194 
THUS, t¥om Eg. n a 57 = -Aay,) ) Oha e ~ (6.045m)(i33x10 4) 


ank #7 rer 1D? M fm? 
2. 2: 
ox b Xa + (0 ieee A ] (38) - (19%) 


/ int ia S {/, m 3 
^a (0.90 (f. 90 x 107) E, Z (48). 








^h, =Z ISE m 
Ta eshma te the pump mo tor power reg urement ASCE Eg. 12-23 | 


Sy ha 
bhp (550 ) 





f» get 
bhp E Q he. 
nGso) 


Fur differing VA lues f 9, A Cenrcipending bhp CAN be CA lev la fep 
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{2.25 The performance characteristics of a certain cenwif- 
ugal pump having a 9-in.-diameter impeller and operating at 
1750 rpm are determined using an experimental setup similar 
to that shown in Fig. 12.10. The following data were obtained 
during a series of tests in which z, ~ z, = 0, V, = V;,, and the 
fluid was water. 











Q«qpm — — [20 [40 [oo jso fioo |120 [140 __ 
pz — pi (Ps) [40.2 |40.1 [38.1 136.2 | 33.5_ e E | B 25.8 
Power input (hp)! 1.581 2.27! 2.671 2.95} 319i 349i 4.00 


Based on these data, show or plot how the actual head rise, #,, 
and the pump efficiency, 7, vary with the flowrate. What is the 
design flowrate for this pump? 


From E8. 12.1? with £72, ana "47V, 
h= teh 
| —F | 
/hus, for The first set of dada in The table 
¥o2 Cue | 
(uo (Ph UL uu 
62. JE | 
Jr 3 


X 04. f/ ego 
bhp 
and pr the first set of data m the table 


Feb 
(1.58 hp )( $50 sy, ) 


From Eg. 12.23 


= 0.2927 
B 4-224949. 


Kem 4 Irma Va [ues ier Ay and } lan be Caledated n a Simler 
nmanner and all values ave tabulated ii The table below. 


i 
(p (Fpa) i Zo Ko bo ZO foo [20 [4o 
L (te) | 28 | f25| 87.3 | 885| 773| bts | sts 
c ] 
» (4) | 247) #2 «44 | 575 | 6,3 | 60% | S2. 


(cont) 
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(cont ) 


ph of  7he data IS Shown be low. The design 


ove Le Occurs at peak efficiently Ina 3s /07 Pm. 





8 egre mM 447 


Ho pt 


Fr 
E 
: 
$ 
T 


ThC-E DLL ELE 4424 p-MMEMLBSeMpe 


s| 


HN E E 
E 


iT 
M 


Birt 
mc 
LEN 


i 
1 
1 
j 


jj 


a 


L.] 
had 
id 


EHI 
EHE 
K 
N 

FEN 

t 


M 


i 
M: 
LN 

$ 
H 
E 


M 
E 
i 
Efficiency , 7 j of, 


5 


[qu 


Head, ka , fi 


E 


n 





Flewrede, (Q, 9pm 








wren Le ILI 


LEE 


12.26 It is sometimes useful to have h, — Q pump performance 
curves expressed in the form of an equation. Fit the ^, — Q data 
given in Problem 12.25 to an equation of the form h, = h, — kQ? 
and compare the values of h, determined from the equation with 
the experimentally determined values. (Hint: Plot h, versus Q" and 
use the method of least squares to fit the data to the equation.) 


£p. ¢ 


Based on the data trom Problem 12.1 5, the Lo Iowi G ĉu ble 
Can be Crected and Z7 LL AS tandard, buear re GES Son 
Curve AH 15 0rnesg9nnn Tne tollowmaga Vesults are Obtuned . 


Q Apps) | 2o | Ve | bo | 8 | soo | 120 | se 
[© G pm] “eX 10" 6x10" XID TTE Joo x ibt Jya xi? /9LX10- 


A, (ft) | 128 | fzs| 879| 635 | 723 | 415 | 95 


AL, UE) —~/ oo | 0.81| —027| 0.26 | 639 | 5.33 |-0 57 


"4 A = te l experimental 7:8 Ay (predicted ) 


The ef uae] obteme! hom The Oa using linear Veqvession is 
2 
h, = F45 — 0.00176 © C1) 


Where ^h, [5 i ft With (Qo oan gpm. /k plet showing 
The Comparison between The experimental data and The 
predicted Vesults (From &g.1) 15 Shown below. 


foo rtu 
. d... Die prse: serps .3.- * ! 





Sees beset daresdeaae Lis bale dep Ponce loco hae lic dues 5 - Cd ex : 
eee Passe Pie pee Leb akabaawe pe tee led cs TERE tüubbmvupubHdrbriebe deese Gatos Yer egibs 
Er aw $ charger bs be iecgd ftatbisatharse tine leidigquerepadaspiere die [ify ead edt pres Spee Peat 


Flowtade, Q, gPa 
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12.28 In Example 12.3, how will the maximum height, z;, that 
. the pump can be located above the water surface change if the 
water temperature is decreased to 40 °F? 


From Table B.| tr WF water, Vapor pressure ^ O.U2'7 psia 
and F= 62.43 46/4? Thus, with This Change m ERC) 
sn Example 12.3 


tb 1 2 | Ag | 
E ( /« 7 A.) t4 a.) lo. Life 


5 es 
i 
$ 





E. 
ON aK | £222 s 
— TM 
[a2 ine iow ge) — 16 fe 
62.43 Lf, 
so fact 


(2) mat S "E 


| ^us, There (5 an increase ‘na height A pm 7.43 F£ tn 8-43 4 





IL- ay 





12.29 A centrifugal pump with a 7-in.-diameter impeller | 
has. the performance characteristics shown in Fig. 12.12. The 

: pump is used to pump water at 100 °F, and the pump inlet is 
located 12 ft above the open water surface. When the flowrate © 
is 200 gpm the head loss between the water surface and the 
pump inlet is 6 ft of water. Would you expect cavitation in the 

_ pump to be a problem? Assume standard atmospheric pressure. 
Explain how you arrived at your answer. 


From & f. i293" 


u "us P, (/) 
NPSA, ~ M MN Z4 - "S 


From lable B./ The water va por pressure ak Joð F 153 O.9¢ G3 psa. 
sz lL : - . = 
and d 62.00 3 . "Aus, ws TH Pte, /Y.7 ps, Zo l2 fÉ, anA 
Zh, = 6 FÉ, E9. Guelds 
TEER +9 fe) 
WA ee, ee ee 


/& 
GZ OO Zs 


(0. 9493 ze ) re 


z. 





&2.20 s 
= /27 ff 


From Fig /2.12 «af  2e0 gpin 
M PSH, © ~ 12 Fe 


For proper pump operation 
NW PS i, = NPSHe 


Jince This 15 true m THs case, ~& expect Mal cavitation 
in The pump would not be a Preblem. No . 
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| 200 m of 50-mm-diameter smooth horizontal pipe as shown in ° 

Fig. P12.30 and discharges into the atmosphere with a velocity 

of 3 m/s. Minor losses are negligible. (a) If the efficiency-of 

the pump is 70%, how much power is being supplied to the OBSS uj 

| pump? (b) What is the NPSH, at the pump inlet? Neglect losses E FIGURE P12.39 

| - in the short section of pipe connecting the pump to the tank. . .. | 
. Assume standard atmospheric pressure. 


12.20 — Water at 40 °C is pumped from an opentank through F amt 
3m 


Diameter 2 50 mm^? 
Wa Wiss veut s dM (2) 





Length « 200 m 


(«) P M z A = f Vi Lh Lt | 
e jə tT zo zi (/) 


lher p=p =o, 40 28 mf 223m aad B20. Thus, E3. (1) 


becomes I y> g 
Z,+h, zi (IES) (2) 
Also, VP = (3 4)(0.05m) 


Ke ~ T D iN zzpPx 
( 4, $90 x/b a) 


and trom Fig. €.23 or smeoth Pipe 40.0S52. Thus, trom 


EG. (2) (32 )* | 
f hye PE [iw 0.0152 (22% )]— 3m = ast 
2(4.8/%) 


Hence, 
Power Gamed by Plaid = VO hp 
3 2 
= (9.731 x I2 2 LE Moose) (3 )(22:3a«) 
T7ORAMS XI0? Nn = LYS RW 
ANA 
tower gine d b H. di d 
, z c S aud isle DB LU 
fower supphed o pump Efficiency 
= AYSRW _ 2 074W 
6.7 mum 
(b) From Eq. 11.24 
NESH = f tk Pe 
J 2; : C3) 


Where f, and Vs refer do he pressure and Velocity at the 
pump inlet, respectively Also, 
2. 2. 
By +Z = 4, b +z + 4, 
¢ 24 d Zo g 
Se That witu b= Etm , /,*9  É.-2, and A, = 
J2=2é 





2 
atm ~ = h -+ Ks 
C ae 


Rad There tere trom H (3) The avatleble NPSH 13 
NPSH =- ftm ot, - Pr CH 
A d + 
Mote Wat This result borvesp onds te E. 12.25 with z Pasitive 
(Since pump 45 below reservoir) and zo. | 


From Table B. The water Vapor pressure at 40°C 43 


737. A 107 N f/m? labs) and J= 71731 xid”? N J m? Thus, from 


£3.) With Pty, = 101 Fe 
3 
(101 x Ib Z, ) 


M PSH, = 
" oom 
( 2731 x b? ., ) 


3 
(252 x IW i) 


3 N 
(7.731 AIO >, ) 


[nnd 


— /2.6 m 








12.31 The centrifugal pump shown in Fig. P12.31 is net self-priming. 
That is, if the water is drained from the pump and pipe as shown 
in Fig. P12.31(a), the pump will not draw the water into the pump 
and start pumping when the pump is turned on. However, if the 
pump is primed [i.e., filled with water as in Fig. P12.31(b)], the 


pump does start pumping water when turned on. Explain this 
behavior. | | 





EFIGURE P12.31 


The head-tlowtate chavractenstcs foy « typica) Centr faga! 
pump are Shown th Fig. 22.11. The maximum heed That The 
Pump tan add occurs wher when Qo ie at staré up fer example ). 


This héad ts in terms of the Hurd in the pump. Neglecting losses 


Ge^——— 8000000 ë ëO 


MÀ oon 


and the velocity head Cana cavitation ettects) the pump Can 
lift The Had a height Jj egaa l £o The head added by Me I 
Howe ver, tf the fluid in The pump is atp (tie, Not Primed) Me n 
added 5 1h. terms sf Ft e m of air. Foy example , (ft hy Ft 
The pump Cou ld Valse Water That Nigh if JÉ ^3 Primed (filled 
WIth water). LF She Pump 15 fot primeck [Alka wilh air) Then 
The pump cen only Muise water up to « dislwce, 


Ib 
Jo Sofa D = Soft CoE 0.0368 FL 
Vuater 7 gp 


Hence the water wl! not get into “Ihe pump. 











12.33 Owing to fouling of the pipe wall, the friction factor for the 
pipe of Example 12.4 increases from 0.02 to 0.03. Determine the 
new flowrate, assuming all other conditions remain the same. What . 
is the pump efficiency at this new flowrate? Explain how a line 
valve could be used to vary the flowrate through the pipe of 
Example 12.4. Would it be better to place the valve upstream or 
downstream of the pump? Why? 


Iv Th f= 2.03 Eg. (2) jn Example /2.4 becomes 








hp = s ft [02s n fos 151) ocn; (/) 
S/nce , /- E . Qc £2") 
a Elfa) 
Eg.t/) Can be Written as 
de, D + Loto? 
or hkith Q h gal min N 
Top = [0 + 3.00 x? [0 gal hai) (2) 


The satersection of Eg (2) (the system ef uation) L1 Th The 
erfermance curve fer Éhe pump, A5 Shown below, Indicates 
Jhat The new H#lowrate (5 


Q= Iyoo 4t | E 
and The efticiency at This flowrate As approximately 79.0 A 








100 
| | | Em Je fron (h Sine p e 
: d l a A m pr—nÀ Ba 
197% 90 ra i 1 ` aa aN, 
ME ey, i f 





i 
} 


fri lon ( opening utlve ) | 


M. 
"— 00 
| e. 
VA 
=) 


iat we pe een 





O6  "ao0 BOO 1200 1600 2000 2400 
(LO n't) Flowrate, gai/min 





12-29 


12.33 | (Cont) m 





A 


line. valve. acts GS a va rjab/e tvi'ctona/ resistance 


Jo the thw. Closing The valve. js Egu valen 7o Aa 
friction and moving The. Sys ten, curve To the e f 1 

Ih terse ching he head Curve at an Ope rer tonal poirt 

1 vo liy 


fess flowrate than with a more open valve selling, 
This system curve js sketched nm The Figure on the previous 
page and labeled “mare bichon ( closing vahe). ° Opening The 


Valve IS Simi lar te re moving hre hor Gnol p20V)n the. 


Sys frn curve to lhe right 19 lersec hua 


fhe head turve 
af an 


pera tng pomt /NVO Ninn more Y bra le Bar 
with a less open valve. Se ng . This System carve JS 


shekhet on the previous page. anal labeled “less trichin 
A 
(opening Ya he). 


Xy would be geneva lly bela tr vlace The Valve 


downstream of The. pucip So eve ic. the low Suction 
pressure, and cavitation possible, wilh upstream 
placement of fhe wahe. 


/2~- 20 





12.3% — A centrifugal pump having a head-capacity relation- 
ship given by the equation A, — 180 — 6.10 X 107407, with ` 
h, in feet when Q is in gpm, is to be used with a system similar ` 
to that shown in Fig. 12.14. For z, — z, = 50 ft, what is the 
expected flowrate if the total length of constant-diameter pipe 

is 600 ft and the fluid is water? Assume the pipe diameter to be 

4 in. and the friction factor to be equal to 0.02. Neglect all minor 
losses. 


£ y, 2 2 4$ p Lys 
a ug th, = Br Brarrsg, (i) 


ana ith p=p=o, 5-5 =O, 252275 Soft, f=0,02 , D = H ft, Gran 
L= bætt, Eg, I) becomes 
( e 


P qe ft) COGL2 ft) 
| $ 
Sine | 3 
Ince y- Q i POT) 
A 


Coie 
Eg. (2) Can be kiy/Hen as 
Lo So 73.4 $^ 
or with d A gal/min i 
Kar SD 3by xD [o c9) (3) 
Zhe pump head-Ca pacity relationship 1 : 
has 180 - b 10x” [8 22/779] 08 (+) 


TAKS, The operating point will occur. Ac he fiowrate 


Lhe re A, = he, Or : | 
/£5 - 6./0XI0 "a - 50- $5694Xx) 5 Q 


2. 


So That 
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12.35 A centrifugal pump having a 6-in.-diameter impeller 
and the characteristics shown in Fig. 12.12 is to be used to pump 
. gasoline through 4000 ft of commercial steel 3-in.-diameter 
. pipe. The pipe connects two reservoirs having open surfaces at 
the same elevation. Determine the flowrate. Do you think this 
pump is a good choice? Explain. : 





Fump 
^ y, > f =z A Ve £ y2 
oer UP g T aN a (I 


and with f= p50, F*6=0 B=2,20 L=4000ft, ana D= Yat 
(neglecting miner losses) Eg. lI) be Comes 





4 E £ eoi) EE ( 2. ) 
P (Ff, ft.) (Z) 32.2 £6) 
Since E Q G) 
A 


(GUE) 
Ez. (2) Cen be bivoriHen «5 


^, = 403 x £ | 0z) (3) 
The friction tector depends on Rez VD = Ap m DU 
Gna wITÀ Uc 49 4D LAY; fer Gasoline 


. £C) ; 
dico rare E Y 
Cr) ja fe) xi AE) Y xid Q (Z) 


e 


for Commercial steel 3-in, diameter pipe (From Fig, 8.22) 


E -4 
2m 5S PXID 


Thus Ér a jVwén Q, f Can be obtained rom the Moody 
Chart , or the Colebrook € tation (ER dis J ana Ap 
determined — ron & 9 (3). Zabulated Values Qve  Flveu 

In Tne following table | 


(cont) 
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| 72.35 | ( Cont D 


/??! h 


Q(£5) e(£)| ke | £ | 409 


Js 0.0391 2274) | 0.0208| 17o 
20 0.178 |.85xi0?| 0.01/93 | 680. 
/20 6.267 2.78xI*| 6.0187 | /37 
/6 c 0.357 371 Xu5| 0.0184 | 2¥2 
200 6.446 yeer’) soil | 373 
A Fo |. 6.925 SSLX 0? 6.018! F34 


These data (hp vs. Q) are plotted 5n Fig. 12.12 (Feproduced 
be lous) jând The flowrate «€t The Intersection of The syen 
Curve and The pump Curve /s 


= ¢ / 
g ~= (SS 2 


Pin at Th flowrate the pump operates near peak efticience 


s ype of pump lou ld & ppear Jo be eod Chore sf 


x ‘SS IH pma How rete ls al oy near The desired Tburete 





cta UT rae ay mv aa aa erate a cee 


e! ! | | pL 
PATE IUE ecc cue 
Bin. dia: Pi»! : eO go i 

500 | poit ML AB MA MM ete » 









ME 





mor S T j| 
| eT pa y 
R a 


o 40 85 120 160 200 240 280 320 
Capacity, gal/min 
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12 .36 Determine the new flowrate 1 for the aca deictibed in 
Problem 12.35 if the pipe diameter is increased from 3 in. to 4 in. 
Is this pump still a good choice? Explain. 


D» b und. 4 Problem /Z.23, li th O= Wie tt Ey. C 2) 


be Comes | (Loos Lt) 2 
dys f TES M 
(Z ft) (2)(32.2 2 tt (2) 
and yz L Cee CPC) 
A 
3) ( fg) A:)* 
PS That kp = 2.48 z10* ae | oly ye C3) 
The | Kegnolds number. becomes 
- 49 . * Qin à O GE) 
pa E a l = 780K OE. 
E TPV — tU, 4) (444) 
lor Commercial steel F-m chameter pipe (from Fs à 2) £ - £3 n 


Thus, or & given Q, £ can be cbtained hom Te Mooda Chart, or the 


Cle brook e € HATIOH ( £e. $35), qat kp determined trom &9.(3). Tabulated 
Volues aré given in * ie following Hable 


p (2) $ t Ke £ A, (ft) 

Ho 0,084) | LISAD | ooz 4 | 
£o 0,178 139x405 | 0.0192 Jv. 4 

/20 0.267 | ZOXID | eo/83 2.0 

JLo 0.359 | 218x10? | 0.0179 | 55.9 
200 6.444. | 3,484105 | 6.0174 55-9 
AUD 6.525 | 17x10? | 0.0174 /2 2 
Z80 0.624 499.8 )0° | 0.0172 /6 4 
320 zu SSLX? | 0.0170 212 


These data (s ^ Vs, Q ) arc plotted en Fj; 19, (2.12 l Feproduced 
on the follows P tge); and The Slorate af The Intersechon of 
the systlm Curve dna Aae pumn J Curve T 


E gal 
p T4655 M Pin 


(cont? 
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Capacity, g3U/min 


ES 


Since at M Jow rate The Pump efficiency bs Jair lo 
low (~49%), This pump i no longer a ged choe. 





/4-35 





12.37 A centrifugal pump having the characteristics shown in 
Example 12.4 is used to pump water between two large open tanks 
through 100 ft of 8-in-diameter pipe. The pipeline contains 4 reg- 
ular flanged 90° elbows, a check valve, and a fully open globe 
valve. Other minor losses are negligible. Assume the friction fac- 
tor f = 0.02 for the 100-ft section of pipe. If the static head (dif- 
ference in height of fluid surfaces in the two tanks) is 30 ft, what 
is the expected flowrate? Do you think this pump is a good choice? 
Explain. 


Application of the Energy eg uation between Tne tite 
points (/) n4 C12, Gives 


ls 2: Bo ç vè 
Ge Brae te er arar2ds 


fre 3 urfa ces, 


(7) 


Gud with p=f —o, h=% =0, and Z,~2,5 OFE, £$.0) becomes 


hp = = 36 ft +h 


The head /oss term Can P Expressed as ae ft ) e 


(Z) 


Zh, = | ¢ C03) + 10+ 2 + O02 (L fe; fe) x (32.2 ££) 


with The Minor loss Coe {ficients obtained Ter Table € 
9. P (FEL) 


A (2) EH) 
hp = 36 + 2.06 [atre] 


or She system £ uation Can be wrbtu 45 


fop 7 204 [o2 X10 2575) 


and £7. C) becomes 


The intersection of the 
Systm curve (Eg. 3) with 
The pump Curve pas Shown 
on the figure, — 


That 
Y= /7 fo s Ja! 


Sce Tne efficiency a? this 
flowrate 1s near peak 

CfFICI eng , as Shown on Te 
figure, This pump would be 
Sats chor 1G. 


Head, tt 
Efficiency, 95 


1200 
Flowrate, gal/min 
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Pd Also ) 





1600 


nu 


12.38 in a chemical processing plant a liquid is pumped from an 
open tank, through a 0.1-m-diameter vertical pipe, and into another : 
open tank as shown in Fig. P12.38(a). A valve is located in the Open 
pipe, and the minor loss coefficient for the valve as a function of | 
the valve setting is shown in Fig. P12.38(b). The pump head- 
capacity relationship is given by the equation h, = 52.0 — 1.01 X 
10? Q* with A, in meters when Q is in m?/s. Assume the friction 





ze 
va 





O 20 40 60 80 100 


Percent valve setting (a) 


(b) 
BFIGURE P12.38 


F y,* =~ f 7h At xi 
FT tet hye Ptg aten 


aet kiy TU Lemp eo, EN RO gad Z-Z, o 83m, £ 4.0) becayes 
te 

P 

The head loss Ferm can de ex pressed as 


Zk = (K, + F) 


= 33m T a7, 


(4) wrtn the valve open 
f= 0.02 4 = 30m , qand D=O lm, Eg. Cz) Can be løriitau as 


m2] ye 

= ô, 

he 33,4 + | 42 PAs Et T 
Gnd with "E Ol QE) 

/ ^ Gm 








£23) becevn es 


92 
23,5 + fı. or &.o J(fz4) Lomza] 


hp = 
or 3 e 
hep = 43 4 5,28 X/U [oep 


(Con Z ) 
JZ oF 





( ) 


C2) 


&, & ^. 0 (Aran Fis. P/2.29 4) So That With 


C3) 


CF ) 


(S) 





z ( Cont ) 

Syace The pump € ghation As 

hp = PEOS 0/ xe gen?) |" (4) 
Ef. (5) and € f. (L) Can læ dpi to determme The Fhwrate. Thus, 


J ol 3 2 
324 5718XID Q = 52.0-1.0/ X10 Q 


Gnk 3 
Q- 0.0529 ao 


(b) if the flowrate is to be cut m half so trat 
Q- 0.0527/2 = 0.0265 m/s, the heed added $y he 
pm, 1s | 


^ 


3 23 \* 
p= 52.6 — 40J X là [0.0265 2 ) 


z SD. bm 
Fron EZ. O) wim K, unkqown 
Sl. b am 7 323mm + (k, +é. 0 $2t) (0.0265 2°) : 


So Theat 
| k, = 243 


From Fig. 12.29 (bh) The valve would se 13 % open Ze 
obtain This K, 
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12.41 | | | 


: d 41 What i is the rationale for operating t two T sim- 
; | dar TUS uen in teatre size at iie same flow a 





f He pumps are — in geometry and other o potant 





f Micient E 


"ys, opera fing both of them at q Flaw coef 


associated with - efficiency would make sense. i 
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12.42 A centrifugal pump having an impeller diameter of 
] m is to be constructed so that it will supply a head rise of 
200 m at a flowrate of 4.1 m?/s of water when operating at a 
speed of 1200 rpm. To study the characteristics of this pump, 
a 1/5 scale, geometrically similar model operated at the same 
speed is to be tested in the laboratory. Determine the required 
model discharge and head rise. Assume both model and pro- 
totype operate with the same efficiency (and therefore the same 
flow coefficient). 


For similarity The model pump must operate at The same 
flow Coefficient, Ey. (2.32 , so That 


P _f © 
7:34 253), 


Where The subscript Cm) refers to Tue model and lp) to the 
Prototype THUS, 


a 
Q2, 7 It. =)” 9, 
and IT bm > top, Dm /b, YE, ant Qo” iia Ther 
Q = (ED (41?) = 00328 2%? 


ee 
reee 


From EG. 12.33 


(45) -(&£) 
4. £e, 
Anni wth ae bdp” s, Du / Dp * Ve, And fan = DOM, 


Then 
h, AO E Oom = d OO 


So That 
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12.73 A centrifugal pump with a 12-in.-diameter impeller 
requires a power input of 60 hp when the flowrate is 3200 gpm 
against a 60-ft head. The impeller is changed to one with a 10- 
in. diameter. Determine the expected flowrate, head, and input 
power if the pump speed remains the same. 


For geome tvicalls similar pumps operating at þe Same Speed The 


effect of a Change (46 sempeller diameter 4 Glven by Egs. 12.3, 
(2.40, 12. #1. LUGS , | 


Q z A" (Be. /2;39") 
Q, — 57 


and vitn = Pnoápm,U c I, 444 Dc dne 


3 3 
lp, = (2 ) 9, E IE ) (7200 4pm) = /$50 opm 





/2 /A 
From Eg. 12. #0 
2 
ds = D, [5x /2. 5 ) 
Aaz udi 
So thet with pg bó FE > 
a SANS = f Z ‘| (66¢4) = 
Aa (2) fee, [ 4^ pem ) PUT 
Smilarlo From Eg. /2.4! 
W sheft, Z D, d D 
rali. (E3. 2.44) 
W Shatt 2 D, | 


auch with 7 = eohp 
J 


5 pO 
O S/B NY - (othe | 5 1 e atiii 
Wshafly (2) V sheft, /Z in. Go p) = 


/À- 4l 





12.4% — Dothehead-flowrate data shown in Fig. 12.12 appear 
to follow the similarity laws as expressed by Eqs. 12.39 and 
12.40? Explain. 


The data 4  £29./2./2 show tne effect of Charging speller 
diameter en head- Howrate Chavactenstics. According Zo the 
SIMI larity laws CX pressed by Se. /2.3¢4 ana Eg. 12. ko 


a 
£ B H> (Ege, 12.39) 
2 Z 
2. 
T Bus 5. Ca /2. 4o ] 
42. 2. 


Thus , as the diameter bs Increased ton bin. do T. te dm. 
the Tlowrete (nCreasas according to Sf. 12.39 «s 

: s D» > a 7 "). a — 
(Fom bh. ra.) B=(2) 6, sl T)6 90576 
anc 
rom bin. ty Stn.) 
Similarly, trom EQ. (2.40 , 

' ; Dz j -| Tin. = 
(from bin. du Tin) hal E ) Aa (2j he a 


p = Sin. ) e, > 2.37 4, 


Ain. 


eaa 
: j Bin. Z _ A 
(tran brh. £o $i. ) d. sl.) fea = [78h / 


Thus, for PNY Swen pomt, JACA ao (A ) Ld here Q= /20 4pm de 


hg = Zso f£ (( see Fg. /2./2 en folowing page ) top “The "- 
diameter /m pe/bt- Ihe Corresponding predietet Porn £ woal be 


E (B lUhere. 
a ) er ) = (51) (120g pm) = /FI jpm 


A, = (1.36) (250) 7 34o ft 
E 


( Co^ £ 


ga T 


liz 4 | l tont) 


M wa | | d. d. 2 
doux atu n pi laua ud a 
| Bin. dia dia i Pw €i 5 E as 


i AH 






i » CE 
IE 

eo 

ALL KE 


O 40 80 120 160 200 280 un l 
Capacity, gal/min 


Similarly, for the nds beide nde the predicted pomt, 
Pernt (C), woul be at 


- (2.37) (120 4pm ) T ZF Apa 
4na ha, ~ (478) (250 ft) - 495 dd 


Pomts (D) enm (C) Fal! near The Corresponding CAVVES rn 
Fig, 72.12 Jherebs demenstratirig at Theg do appear to 


follow The similarity Jaws. Yes. 


Vote uat acterding te The Smilanty laws The b~a. diameter 
curve is simply Translated to Tne Nght and upward Lo 
obtain The Corresponding hetd-flowrate carves for The Tin. and 
£-1^. diameter Pump s Lt us clegar fram Fig. 12.12 That 

Tas is Fenerally how The Three Curves are related. 
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12.45 A centrifugal pump has the performance characteristics 
of the pump with the 6-in.-diameter impeller described in Fig. 
12.12. Note that the pump in this figure is operating at 3500 rpm. 
What is the expected head gained if the speed of this pump is 
reduced to 2800 rpm while operating at peak efficiency? 


From 


QF 


Fig. 12.12 for the bm. diameter smpe ller operating at ZS0Orpm, 
470 Gre anc hig, = 230 f£ when operating a£ peak efficiency 


( See figure below). Thus, +f The pump ts stil{ optrated at peak 
ef ficiently turtH The Speed reduced +o 2800 rpm Then from 


Eg. /2.3¢ 
CE 
Pr. Wo 
So That 


<J00 fom 


From 49, 12.37 


so That 








AT 
Ct 
EEF 


ru dom rm 


Ao 
VAAD 





Te 200 240 280 320 
Capacity, gal/min 
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lz = f oe = 
Ga By Q, E rpm Jepo Rs 


( Ez /2. 26 ) 


[36 f pan 


(Eg. 12.37) 


2 28o Fem Y 
deal EIE 








12.46 A centrifugal pump provides a flowrate. of 500 gpm 
when operating at 1750 rpm against a 200-ft head. Determine 
the pump’s flowrate and developed head if the pump speed is 
increased to 3500 rpm. | 


Fer a gwen pump The effect of a Change m speed on Q 
4^ Ag 15 GIVEN by EJS, (2,34 @na 12.37. Thus, 


Pi, co (E 
—— X — 7. /2.36) 
Q Aa 


and with B= 500507, W,= [750 rpm, Aad a> = 3500 rpm , Ther 


A = We D, E ( 3826 rpm ) (500.5pm_) 


" b, C/750 rpm) 
= JOELO j^" 
Similarly, J E 
oa! = ae (Eg. 12,37) 
Ae, e, 


So That with ha, - Zoo f 
_/ le \2 t£ 2500 rpm ( Zoo ) 
ha, 7 ( 44 } Ae = em y ft 


T750 Fpp rpm 


= joo ft 





n = 
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in 12.47 | Explain how Fig. 12.18 was constructed from test data. Why 
ds this use of specific speed important? Illustrate with a specific 
- example. 


feste tns 


- A variety of pump configurations like the ones shown in 
: Fig. 12.18 were tested over a range of flow rates. 

^ . Performance data like those shown in Fig. 12.17 were 

~~ acquired. For each pump configuration, the operation at 

.. . maximum efficiency was noted and the specific speed, N; , 
= (Eq. 12. 43) was calculated for that condition of flow. 

- . These specific speed values calculated at maximum 

_ efficiency operation were then used to distribute the 

| different pump configurations as shown in Fig. 12.18. 


.. Specific speed is important because from desired design 
- operational data ( € , Q, and h, ) a specific speed value can 
. . be determined. With that value of specific speed and Fig. 
- . 12.18 the designer can decide what kind of pump 
. . configuration to use for maximum efficiency operation. 
- . For example, at lower values of specific speed, a 
... centrifugal pump is generally best. At higher values of - 
. . Specific speed, an axial-flow pump may be best. In between 
.. values of specific speed may suggest that a mixed-flow 
- pump would serve most efficiently. 
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12.48 Use the data given in Problem 12.25 and plot the dimen- 
sionless coefficients Cy, Cg, 7 versus Cy for this pump. Calculate 
a meaningful value of specific speed, discuss its usefulness, and 
compare the result with data of Fig. 12.18. 


From Problem 12 25 the follow in 15 dele Were obtained : 


Q (4pm ! 2o | 4o es | fo o | /26 Jyo 
32.9 2.5 87.3 53.57 773 675 5GS 
h, ft) 
7 (% ) 24.) #1. 2 47.7 57.5 6/3 LO.4 S22 
Power 458 2.27 | 2.67 2,257 319 | 3.49 V oo 
aput C hp) 


Fy w= (075% E) Sita Ns z^ [833944 and DT didt 
H hws That 
oe ia L hewan) 
G WÒ (1833 MAH) (XR) 


68x10 Q (opm) 


E 


C - dha 2 (22.2 ft ) A, Gt) 
t DD (13.3%) hay 
70 x0” £ Cf) 
W shaft - Weber (hp )( $52 D 


S. hp 
(Qu? D° M m ES ATE 3 c4 Re) 


-4RXID. "P Chp) 
Pased on The data above: 


Ol4pm)| 2o 4o £o go loo | f20 | /¥o 


I 


= -3 e - 
5S. 75 XÍb : //5XIlà | 473 P 2 30X0 3 2, LA X UL ID 403 x10^ 


Ce 

Cy 0./5464 | OIISH 6.448 | 56/923 04312 | o. d* OE 
: - - - 
P 3,2 yi | £¥oxw | Subtle *| S7av Jo | Addi | 6140 7 Tbr Io 


21.1 Gi 20 G.S 577 4.3 £0. 52.6 


e Con é) 
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72. 48 | (con't ) 





The plot of C, 











7 Versus Co IS E below. 


utc HHH E zm 
e 


C 

















| Dp 
"s oe Hu pm 
C B à 
P 
yyt 
2r? 
EE 
m eG 
t im pud 
64g 
Cu 
p 
HE 
N 47 
So for &= /00 9pm at = 61.3% 
O O Ip » 
m = (1750 Y m ) /00 en) 67) 
l (77.3 44) | 
Which 75 within the range of i Values ty vad iy / Sfins 


Pumps /n Fig. 12. /8 


/2- Yg 


/2, 49 


/ 


12.49 Tn a certain application a pump is required to deliver 5000 
gpm against a 300-ft head when operating at 1200 rpm. What type 
of pump would you recommend? 


fe. F= eeo 94mm, ha 7 8eo fi , 4nd 4-7 /200hpm The 
Spe ci frc Speed ^s 


My = Co Crpm ) || gon ) 
[46] ^ 
(/200 ppin ) | sveo gpm 
( 300 4)" g 
= S480 


TF TS ATI 
I HAE aE 


from Fug IZ. 48 a Ths Spec frc Speed a radial 
Fow Pump (Cen ri agal pamp) tuould be recommended . 








12-593 A certain axial-flow pump has a specific speed of 
N, = 5.0. If the pump is expected to deliver 3000 gpm when - 
operating against a 15-ft head, at what speed (rpm) should the 
pump be run? | 


Smite l) Cradh) DY) 
[g C) A Ge)| Me 
Soy ^ = Sb, f = 32.2 41/5? Á, = 2 qad witu 


t^ 


Sassi. 
^ LTEM fm - L8 ft 
(748 E, )(boinn ) : 


T Follows That 3 
dud Naz: is) 


h) (tad/s) = 
| Cu E 
- [4q D 


Hence Lo (rpm) = (194 md) (bors) 


rad 
aT v 


= [700 rpm 
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12.54  Acertainpumpis known to have a capacity of 3 m?/s 
when operating at a speed of @0 rad/s against a head of 20 m. 
Based on the infermation in Fig. 12.18, would you recommend 
a radial-flow, mixed-flow, or axial-ow pump? 


Since | 
e rad /s) / (Qs) 
MM — — 5; 
[ 267) h. (om ) | P 
for o> 60 rad/s, Q = ZB m/s, J = 4 81 amass’ uel he 


(bo rad/s ) / 3 5 
3l, 
[ (Ze1mh2)(20m)| 


= 1,78 — 
Ly sTH Ne = /. 28 


=z Öm 


M, = 


From Fig, 12.18 The pump ‘5 


« 


mited-Flow pump. 





12.55 Fuel oil (sp. wt = 48.0 lb/ft, viscosity = 2.0 X 
10~° ib-s/ft?) is pumped through the piping system of Fig. 





| are negligible, but minor losses are not (minor loss coefficients —— 5 
are given on the figure). (a) For a pipe diameter of 2 in. with a. | E 
: relative roughness £/D - 0.001, determine the head that must 









CITATI LEAN eite Mute M eme e E e gr ver ree aT fitted i 
s A UXERDNCUIÓTEeSueHeHBPÓS OR a Rs oe ig 


.6 ft/s 


|. be added by the pump. (b) For a pump operating speed of 1750. y - 4 (K, = 1.5) 
rpm, what type of pump (radial-flow, mixed-fiow, or axial-flow) [-.— —— 200 ft ———-—-| slut 
would you recommend for this application? ! (K, 10.0) 
7 a E FIGURE P12.55 
(1) 


4 e] p 
(A) LP +h = Pe ata 24 
Witn = 48.0 1b/ ft", paspse, =O, v= 46 ft/s, 429 qad 
Z-2,7 Zo ft Eg. O 6¢ com es 
(S fe. ) (res I0) gs 
ín ft Oa E) +h, = Zod4d ES, ( 2.) 





78.0 29 , 2 (32.2 fÆ) 
The head loss term Can be expressed as i (4459 
Zh, = | æo 41S + LO + # TE Gert) 
Valve elbow ext pe C$ 
The Kegnolds number ts 4 | 
Og PEP Ge UENGA 
Ke= he Hag OSO ec Spp 


-7 [bes 
<. XİD fre 
ec 


aha with ES 0.001 f= 0.0 Z¢E [Pan Fig. $23). 
Thus, h, = ‘3.4 ft Aud Pem £2 tz) 
%p= 18.3 £4 


(4) 2 
m^ Gays (528 Y X E) = otoo Æ 
E Q- (a zug E )(ho d, ) = Ko gen 


The speci tre Speed ad 17850 rpm ís 
lo Crpon) | pespm) (1750rpm) J K ogm _ m 


[4 G2] ?* [183]? 
For This speci Fi è speed a radial- Flow Dump Would be 
recommen ded tor Tuis application Csee Fig. /2.138). 


7452. 


ae 


T, 
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|. 12.56 The axial-flow pump shown in Fig, 12.19 is designed to Ne cae 
_ timate the motor power requirement and the U,V. needed to achieve | | : 
. this flowrate on a continuous basis. Comment on any cautions as- . uu ¢ | or ee 
seciated with where the pump is placed VEE yas in the pipe l Tu r4 , x Rs SOG RN 


he EN 42. 2/ we get the. poweY iri to He dead Y rise | 
and flowrate (ntolved . This is the minimum ; power regu ved A il = 
| achieve the. Mer specified. E 


t bos 4 y 5009 x / 
AY 


mn (* 48 gal \ 
| ^B) ^7 












M $. / hp 


Te estimate rn sheft or motor porter rimedi» we eal do 





x | abe He pump ub: speci iad. 





(- Z oe fw 30h e ey 





QR : g e 1 
" 


< 





42.56 |\Ccon't ) 





ma / n ^Ct4 Ho Aa Dn P la € " "4 He e Vai 5» Y d e » "ta MT m pw : 








| B Cavi i da fin 197 the Pump . The Pa of Cni 





E biles m the pump Can rede pump blade, and he 


5 we Hee! Surfaces. Appl ying the energy equation, 5. £e, 
between The tree surace (1) anc the purp enhance (^ Dw H 





2 
v T Z ~ A T 


at 
fin’ qux. € ns 
Ü $ 29 


daa sti vaaata È 


i nd A * € p , we piiat Z, ES Pas | To achieve 
| ut 





i T pi "je. P" will tenet + d A, high 5 eng y PE ave a 


l cavitation which occurs when p and fo fom Yelalel preseores— on | 








(dh the pump become less than the Vopov pressuve of 
the Fluid. l a 
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12.6| Consider the Pelton wheel turbine illustrated in Figs. 
- 12.24, 12.25, 12.26, and 12.27. This kind of turbine is used to 
drive the oscillating sprinkler shown in Videe V12.3 Explain 
how this kind of sprinkler is started, and subsequently operated 
at constant oscillating speed. What is the physical significance 
. of the zero torque condition with the Pelton wheel rotating? 


As shown on page 775 below Eg. 12. So 


| t, x^ mr (U- yÓ- a) Tet 

ia ty no rolafron of fhe wheel or Us o, the bart 
e 9 Ra M dtp 4 4 diis dem uo 
just langer Than the resisting Torque. provided by 
the sprinkler , the Felton whee/ rotates and 
he oscillatiin of the sprinkler Afke wheel | 


| B robin amd sprinkler oscillation begins, vo 


i 








dyi ves 





^ value of m and res ul ^ m A. cop 


Chale. 





e dul. a alo osci lation period . 






to the Peltor whee! breaks dering rmn Dr 


~ the 2 spri b vk E wil) (Cea $e ose, y e wing 


Lf the shal} emnech ng he oscillating sprinkler 






Sp ced. poten fo Us Uv 
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[2.62 


QA 
RARS 


mean radius of the turbine is 1 m., and the exit angle of the blade X 
is 135° relative to the blade motion. Water is supplied through a 
single 0.20-in.-diameter nozzle at a speed of 50 ft/s. Determine the © 
flowrate, the maximum torque developed, and the maximum power 
developed DA this turbine. 





wp 


HFIGURE P12.62 | 


For the Pelton wheel shown 

| Q-A, V = gy 8 (S24) (sol) 
Or : 

 Qz2001/09 iE 








s 


fT). 


From Fig. (1.22 
Thati =M Ta V, (17 cosg) 
max 





and 
Whati 


max 


where m = 0Q=/7 gx $l (0.0100 E) = "E 


= 0.25 mV~ 7 ng 


Thus, 


Tshattmas 


0.021 SZE ss zi H)(so &y(1- cos 135°) = 0,/50 ied | 


=0,/50 ft-lb 








and | | | 

| ljas 2 : 
W 1 = 0.25(0 02.4) 5085 ) iso ty" (1- - cos 195?) 22, Stef | 

S n 
i Rb Ihe | | 
Wehatt = 22.5 5 gso fth — 0.0409 /p | 

GE LUNO LÁ UU Ro uius edere e x ddp de 
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12.63 The ‘single-stage: axial-flow turbomachine shown, in Fig. 

_ P12.63 involves water flow at a volumetric flowrate of 9 m?/s. The 
rotor revolves at 600 rpm. The inner and outer radii of the annu- 
lar flow path through the stage are 0.46 and 0.61 m, and 6, = 60°. 
The flow entering the rotor row and leaving the stator row is ax- 
ial when viewed from the stationary casing. Is this device a tur- 
bine or a pump? Estimate the amount of power transferred to or 
from the fluid. 





BFIGURE P12.63 


PE ri (Noa - U Vor) where Vel -0 -> T CD 
and 


De Teun = LEE) | Thy with a= “ooo rer (p) Er eat 
this gives | 
| Re — 

Also, 


Aa (94) - DL 


But Tt We cosbo" Az Dr Since A= T (ry! L5 *) 
9 


M- sil cn d ios 
H A from the vel ocity triangl e, 
Vp2=-Wa sinó +U, 
= ~ 35. 7 sin 60 +23, 6 = 2,702. 
From £e. (1): 





Wohatt = (8991 &yr 3242)( 2 202) = B1éx 10° >O 
‘The device is an 816 kW pomp 
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.. 12. 64 Deseribes what will happen when the flow through the - 

turbomachine of Fig. P12.62 is in the Opposite direction (right 

to left) and the shaft is freed up to rotate in response to the re- ` 
versed flow. | 





when tow is reversed as shown m the sLelcL above » 53 the 
velocity of the tlw out of the stationary arom row (now a. 
nozzle) will leave at approximalkely the blade exit angle. The 
magnitude of V, will defend on the magnitude of the 
flowrate Q . From the velocity triangles nm above 

we conclude that the roter will now Hine ina 
direction opposite +o the one of problem (2 HF. ne | 
rotov spec d will depend on values of Q and the restraining 
shaft Torque, T. Fam the velocity triangles we also 
conclude that the fluid frees on the mem blade 
Seetions are in le same directio. ae "n — ^ 
the fluid is doing wok. on the ret The device IS 
how acting as a turbine. W Ur U Voz) 

y ay be used to determine shaft pom 





= M 
Shaft 
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| n 12.65 For an air turbine of. a dentist’ S drill like the one dowi in 
' . Fig. EI2.8 and Video V12.4 calculate the average blade speed as- | E men ae] 
d . Sociated with a rotational speed of 350,000 rpm. Estimate the air | E RR RES E 


pente neces to run this turbine. i 
: © 
: : 

| 


We calculate the meg i blade "— 





| m 


CU e 484 ft 


Eo ot to estim z ia +b ea Y pressure, B) needed To Yün this 





heri ne, Wt e$ hole that the nozzle. edt veloc xdi : 
| 20 d$ bel dwice. At erae AS The di bade 


^ 











e zei sani mn rr nme 
1 


: » 


fig. D. | the Value o £ een ng fo M=0.83 — 


bd RAE? op pen 








$ i i, 
Y i i 
t i z 
eens pave were gib uuu "n shee . å 
s $ i . à 
* i ! . . ws . 
Am 7 ES: x 
i 3 
è 2 
I 
' 





M ci (14-7 piia ) = 7 "i 
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12.66 Water for aPelton wheel turbine flows from the head- 
| water and through the penstock as shown in Fig. P12, 6. The 


a a TY! ——e = awe, — M et eed eee et ew tee 





effective friction factor for the penstock, control valves, andthe 
‘like is 0.032 and the diameter of the jet is 0. 20 m. Determine 
the maximum power. output. 


Elevation = Qo. m 





fe 
Y 
7 
A 
$t 
AED 
Aer 
lps 
. A y 
x 
223g 
i INS 
à AVE 
EP 
XS 
NX , 
i i ‘ 7 m Ly i 


f Z V "d SEN ose 
0.20 m 


M FIGURE P12. 66 


Wop af = peU(u- -Vi)(I-eesB) or tor maximum power e =/80° U- V. 
Thus, 


What =- 0R Z Xo 7 


max 


But Opt og the = £ LaiL where f»*p74,2»7 475m, 
| z,7259m, and Y= 


Where AV=AV | MN 


2 2 
Fd? -Zbv . 7halis V-(&)V, -( om) VY = 0.0494) 
so that £9, (2) becomes: 
975 m = 250m + zig [ 1 «o osa ( 222m ro» 0494) d where Y~ M 


or V, = 1/43 2 


Hence, 
Q = AV, = Elo. am? (1143 2) = 3.56 


Therefore, from Eq. l: 


Hence. 
4 B V? 2 
Zo = 2, +h fea 


or 





° m. | 
Ws haf? = -(999 £93,542) (Wass) - 222x|o* jim 4 23200 KW 
max cl um 
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12. 67  WatertorunaPelton wheel is supplied by a penstock 
of length € and diameter D with a friction factor f. If the only 
losses associated with the flow in the penstock are due to pipe 
friction, shown that the maximum power output of the tur- 


bine occurs when the nozzle diameter, D,, is given by D, 
D/Qf€/D)*..- 


We batt = eQU( U-V) (l-cosg) so the maximum power ole occus 
with @=/80" and U* 7 P . Thos, 


Wehatt = pe AP where 


a. 2 
e t qb ror Gi iiL 


But f= Mi ek Vo -0, and £-Zo-h. TAhws, 
h= MI 


(1) 





where SINCE 4, uz AV oF Zory -= = F Dy we have 


| 
2 
4=(5)V » : 
- fI M asus Wadi 
Therefore, ia ff 2] of za [S037] p 2. 1) gives 
- ez D Vh dba 


Wshafi = aa a y 


For this problem f £L, Dand h are constants ; 0, js varia bje. 
Thus, from Egs. (2) and (3): | 


I KD, E j = L 
shaft = Es where K=const. and C= const.= f DF 
(1 +c D 


; 





Note: Wshati — : as D,-*U ahd a« D,—ce , 7o lind the D, dhal gives 
maximum power overall, set dt 20 


dA Wehatt 2 KD, -2) KD? 
db = (l+cD*)24 T (1 1c 5!) (c) 4D; eU 
AKDi 





e I" | ¥ d. 


uui Ds 
Thus, 2* ety T (2t#)% 





)2- 4] | 


12.68 A hydraulic turbine operating at 1807 rpm with ahead of 
100 feet develops 20,000. horsepower. Estimate the power if the 
l Same turbine were to e under à head of 50 ft 


veloped for h draul!c pumps, ak A Lad: anol power E for 
in situation an OR at the. SAME etf chene G nel Thus Jb 
coefficient with one half the head. Thus, head coethicient remains 


Constant and | | glr x a) 
i i (^ D oD? 
so with D,=Da and 9,722 
100 50 | 
gae Taz 0r hl] ymo 
| -" W. Wer: 
Also power coethcieny is he Same fo ze - vo 


$0 with D, D, and Q 7 6 


m j A ar Veta, = 325000 hp. 


12.69 


12.69 Draft tubes as shown in Fig. P12,69 are often in- 
Stalled at the exit of Kaplan and Francis turbines. Explain why 
such draft tubes are advantageous. 





B FIGURE P12. Ld 


Without the draft tube there would be a relatively high speed exit Er 
(speed V, , pressure P =0), With the dratf - (uic acts qs a | 
diffuser) the exit speed is moh smaller (V O , fa = 0). From Bernovlly 
eqation it follows that <0 (mith the draft he) Hence there isa 

bon head available to the turbine. More energy can be removed 


from the tid. 


| 
j 
| 
i 
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ERR 12.70  Turbinesare to be designed to develop 30,000 horse- 225 
z power while operating under a head of 70 ft and an angular a 

velocity of 60 rpm. What type of turbines is best suited for this ae 
purpose? Estimate the flowrate needed. | 





Wepaty = 29.200 hp ; hr = 70H; and w=40rpm so thet m 
Ni = YY Wshate _ 60 y3xio" 


hod So = 5/43 For this valve a Francis 
(h^ (70) 


turbine would be appropiate. i oe 


Also, since Whpaty = FQh, it follows that LEE UT 


Wehatt — (36000hpY550 S hp) "E inj 
Q- Wehatt (30,000 hp $505 Php) _ 379 ft Ed 
yh (62.4 2, )(7oft) 














ro 
| 

| 

| 

| 

i 

i 

| 

| 


pesce mene tna 
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7o eia. the elation chip be "m" "T Sre and 4 power 


production fev à wind tuy bi ne 


~ 12.71 Show how you would estimate the relationship between fea- : 
ture size and power production for a wind turbine like the one . 
‘shown i in veo Mr 1. y 


E 
y 


we use He dimensimkss 


pi ferms oF gs. 12.29 and 12-30 which ave øpplicabk for 
this incompressible flow. Fr simlar turbines and opevahn m tend; tions 


W heft 1 L Wha 


ans 
f 04," D 





pud 
grat r g har 
0 Jp" wy D, 
fme PEB ond 2! į har p 
: 1 
Wott = D, 
lees 


L 
W heft 2 D, 


Ov power VaYies 


Size sguanedd 


AE aed LN me, 


i i 1 ' : B i : ; 
"n EE Iye. hr Cheesy i‘ Q4 ton d atte t SR AAS 


combine. and ger 


-—— ——-¢ 


e na raria rat mann 

F C 3 1 doch mess 4 
PELLI ook 

BESH 

T cee e vitet g: 

n E: 

= -— ES "m | 

UK 

AE urs 

— neuint iiw 
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12.72 Test data for the small Francis turbine shown in Fig. 































P12.92 is given in the table below. The test was run at a constant ee icc] 
32.8 ft head just upstream of the turbine. The Prony brake on ap oc 
the turbine output shaft was adjusted to give various angular T SEES Ps am 
velocities, and the force on the brake am, F, was recorded. Use Res Brake cord 
the given data to plot curves of torgue as a function of angular . 1 | al (d 
velocity and turbine efficiency as a function ef angular velecity. SE 
AE 
F (ib) 
2.63 
1000 0.129 2.40 
1500 0,129 2.22 
i 1870 0.124 1.91 
2170 0,118 1.49 
2350 0.0942 0.876 
2580 0.0766 0.337 
2710 0.068 0.089 
Since £ M, = O for the brake arm if 
follows thal FkR>Fr-F,r 
Also, the torque on the tor bine 
: T*Er-E T 
"T= F(E where F~lb m a 
Also F 
y= LW where h,=32.9 ft 2 F, 
VQ hy 
Thus, ; 
rev Lmin M 27 rad 
y= (Tt 1a) mi jt “BOS . rev 
62.4 2)(Q £-) Le 
2 Tw f. 
n= Sex A where T~ tlh , werom, Qects (2 


Valves of 7 and hp are given ia the table below and plotted in the 


gra phs Shown. 


(copi) 
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12.72 | (con't) 


w, rpm 


O 
]000 


1500. 


1870 
2170 
2350 
2580 


| 
| 


7, ft-lb | » 


1.397 
1-275 


ft 79 


ALOIS 


0.722 
0; F65 
Q./74 


0 
0.506 


0.701 

0.783 
0745 
0.593 
0,308 


= 27/0 | 0,047 


0.096 
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12.74  Thedevice shown in Fig. P12.jff'is used to investi- - 
gate the power produced by a Pelton wheel turbine. Water sup- | 
plied at a constant flowrate issues from a nozzle and strikes the Brake shoe 
turbine buckets as indicated. The angular velocity, œw, of the 
turbine wheel is varied by adjusting the tension on the Prony : 
brake spring, thereby varying the torque, 7,4, applied to the  : 
output shaft. This torque can be determined from the measured . - 
. force, R, needed to keep the brake ann stationary as T patt = 
. F€, where € is the moment arm of the brake force. d 
. Experimmentally determined values of œw and R are shown 
in the following table. Use these results to plot a graph of torque 
as a function of the angular velocity. On another graph plot - 
the power output, Waan = Tanat ©, as a function of the angular 
velocity. On each of the these graphs plot the theoretical curves for : 
_. this turbine, assuming 100 percent efficiency. 
Compare the experimental and theoretical results and dis- . 
cuss some possible reasons for any differences between them. | 





(rpm) R (Ib) 
0 2:47 
360 1.91 
450 1.84 
600 1.69 
700 1.55 
940 1.17 
1120 0.89 
1480 0.16 





—: 7=RL=(0.5)R or T=0.5R ft-lb , where R~Ib 


and W hall ~ TW = 7( t en) ( min) 2:2 


Or ^. E | 
Whap = 0-047 TH) HB fepe T Hb. to npn 


Valves of w,T, and Wy ljy are given jn the fable and graph below, 


(8) Theoretical: T= mr(U-V,)(I-cosg) where assume B=180, 
Y= Y eai. 53,7 i and 


a 
/ g(98 
= 00 = (1.94 HE) (0.542 E) = oas Se 
Hence, with U-w2 - ilt ( 429 2v Pad) - O. o2s2w fÈ W ~r pm 
= (0. /05 TO j)] o. 02.52. WW -53.7] 4 ft 
T2L4 [^ BEXIO W -l] # b d we rpm 


(con't 


D 


or 


0.542 ft/s > 





Also, Wa path = 7w = T(4Z w) = 0.1047 Tw th , Where T fJ), "TT 
Values of 7 and Wey, yy trom Eqs.(3)and C#) are plotted in the graph 





below. ad " 
| experimen Theory , 
rpm) TH Woi s EB | -T, AB Maay, E 
0 1.235 QO | | O 

360 0.955 36,0 INI 43,9 
450 | 0.920 43,3. 4190 | 5L8 
6 00 0.845 53.1 0.4497 62.6 
700 0.775 56.8 0,928 68.0 
940 0.595 57.6 0-762 75.1 
1120 0.445 52.2 0.639 75.0 
1480 0.080 12.4 0.392 60.7 





